
LABORATORY DIAGNOSIS 



Diagnostic Form of Malaria Parasites 

All are drawn from preparations stained with Wright’s stain to a scale 
corresponding to a magnification of 2500 diameters Hence, they are directly 
comparable with the other colored hematologic reproductions in this text 
The diameters given m micra applv to the red cell containing the parasite 
rather than to the parasite itself 

1 to 4 The Plasmodium vivas of (benign) tertian malaria 

5 and 6 The Plasmodium malariac of quartan malaria 

7 and 8 The Plasmodium falciparum of estivo autumnal, tropical, 
malignant tertian, or subtertian malaria 

3,7, and 8 are sexual forms or gametocy tes, the others are asexual forms 

Note the character of the blue of the cy toplasm and red of the chromatin 
yvhich is the same in all forms and entirely different from the slightly purplish 
blue staining of blood platelets 

1 Ring form (about 8 hours after the chill) Note the normal sue and 
staining of the red cell Estn o autumnal rings differ only in being slightly 
more delicate, in a greater tendency for the chromatin mass to project 
externally from the circumference of the ring and in the more frequent 
occurrence of two or three rings in one red cell Quartan rings are xndistm 
guishable, but average slightlv thicker than the tertian 

2 \oung pigmented form (about 24 hours after the chill) Note that 
the red cell is now defimtelv enlarged and contains reddish vellow Schueffner’s 
granules Brownish pigment granules have appeared in the parasite, which 
at this stage may be of anv imaginable shape 

3 Female sexual form (macrogametocv te) Note the large size and pale 
color of the red cell, and the pigment granules in the parasite The shape 
and location of the chromatin is characteristic of the sexual form A schizont 
of this size would be in the presegmenting stage and show the chromatin 
divided up into mans separate masses similar to 6, a quartan presegmenter 

4 Segmenter (seen at the time of the chill or just before) Note the 
number of segments (1 2 to 24), most often 16 as here show n, and the large Size 
of the red cell which is now verv pale The form of several of the separate 
segments is distinctly visible and is identical with that of the hyalin form 
which these segments are called as soon as they burst from this cell to enter 
another and repeat the cycle 

, S Quartan band form (about 30 hours after the chill) Note the smaller 
size of the red cell than in the corresponding tertian stage (2), the deep 
brassy color of its cy toplasm with no Schueffner’s granules, and the character- 
istic band or oval form of the parasite 

6 Quartan presegmenter ( lbout 70 hours after the chill) Note again 
the small size of the red cell and its deeper staining as compared to the tertian 
form, and the smaller number of segments which are about to form (6 to 12), 
usually as m this instance 8 

7 and 8 Estivo-autumnal ovoid and crescent (gametocytes) The 
crescent form is much more characteristic and more often seen Note the 
pale segment of a red cell visible on the concave surface The red cell is 
often extremely difficult to see or entirely absent These forms if found, can 
scarcely be mistaken for anv other type of parasite Of the asexual stages 
only the ring forms usuallv appear in the peripheral blood and these may be 
difficult to differentiate from the tertian nng (1) 
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PREFACE TO THE THIRD EDITION 


Progress in the field of laboratory diagnosis has made necessary a 
thorough line by line revision of the text with changes on almost every 
page The general plan of the booh as outlined m the preface to the 
first edition has been retained The text has been increased by sixty 
eight pages and the indexes considerably enlarged, notwithstanding 
deletions of obsolete material and the use of fine print for the less fre 
quently used discussions 

Rearrangement of some of the chapters was made to conform to the 
usual teaching program, but the chapters still may be co\ ered in any 
order desired by the instructor since they are units in themselves So 
much was added to the discussion of hematology that it seemed desirable 
to divide this into three chapters and to rearrange the material so that 
all data pertinent to the disorders of ery thropoiesis, of leukopoiesis, and 
of the hemostatic mechanism, would be found together The chapter 
on disorders of the ductless glands now follows the chapter covering 
disorders of carbohydrate, protein and fat metabolism The chapter 
dealing with disorders of the central nervous sy stem and the differential 
diagnosis of coma now follows the chapters on hematology and disorders 
of the respiratory and cardiovascular systems The chapter on preg 
nancy has been placed at the end of Part One since this will serve as a 
review of most phases of laboratory diagnosis discussed m the preceding 
chapters 

Topics not covered or that have received fuller discussion m this 
edition than in previous editions include hemoglobinemia, methemo- 
globinemia, sulphemoglobinemia, the Addis sediment count, plasma 
and serum proteins, the laboratory diagnosis of endocrine disturbances, 
liver function tests, the nomenclature of cells of the blood and blood 
forming organs, the unavoidable error in cell counting methods, and 
the photoelectric colorimeter The discussions of the differential 
diagnosis of anemias and leukemias have been largely rewritten A 
discussion of the differential diagnosis of anemias in infants and children 
is included The onginal tables designed to aid in the identification of 
cells of the blood and bone marrow, first published in the Atlas of 
Hematology by Osgood and Ashworth, are an important addition 
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New standards for the normal total, differential and absolute leukocyte 
counts for different age and sex groups, based on data collected over a 
period of years, are given A revised classification of leukocytoses and 
leukopenias is presented Brief mention is made of the general prin 
ciples which govern the indications for and the interpretation of bac- 
tenologic and serologic methods, but no attempt is made to make this 
book a substitute for a textbook of bacteriology The chapter on the 
disorders of the central ner\ous system has been almost completely 
rewntten with a much more complete discussion of the differential 
diagnosis of coma 

New methods, the indications for, interpretation and technic of 
which are included for the first time, are the one hour two dose dextrose 
tolerance test, a simple quantitative method for urobilinogen m unne 
and feces, quantitative methods for the determination of sulfanilamide 
and sulfapyndine in blood and urine, simple original methods for the 
quantitative determination of carbon monoxide hemoglobin and 
methemoglobin in blood, quantitative methods for the estimation of 
vitamin C, and the determination of the prothrombin time as a guide to 
vitamin K deficiency The technics of lumbar and asternal punctures 
are described Recently developed and more accurate standards for 
basal metabolic rate determination in children are tabulated Minor 
improvements m the technics of many methods are included A sy stem 
of urinaly sis for rapid and effluent examination of a large number of 
specimens is outlined The Index by Diseases as well as the Subject 
Index has been thoroughly revised and brought up to date to enable the 
intern and busy practitioner in any field of medicine to find with a 
minimum expenditure of time the laboratory aids to diagnosis, prognosis 
and treatment which are worthy of consideration in any patient 

In revising the references care was used to follow the criteria of 
selection given in the preface to the first edition in order that they might 
be as useful as possible to the student, intern, or physician using the 
book An Author Index has been included to facilitate finding desired 
references 

A new illustration of organic sediments m unne replaces the former 
figure ii 

I wish to thank the many teachers of laboratory diagnosis who are 
using this book as a required text, and especially Dr Howard L Alt 
of Northwestern University Medical School for many helpful sugges 
tions I am grateful to the following investigators and their publishers, 
among others, for permission to include methods, standards, and results 
of their studies S E Gould, R Sparkman, H H Merritt and F Fre 
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IX 


mont Smith, F B Talbot, C J Farmer and A F Abt, E K Marshall, 
Jr and J T Litchfield, Jr , and A J Quick I am indebted to Dorothy 
Madge Ellis, Rachel Ellis, and Mrs Mable Wilhelm Osgood for much 
assistance in the preparation of this revision, and to Miss Clarice Ash 
worth for drawing figure n I also want to thank the publishers for 
their hearty cooperation 

Edwin E Osgood 

Portland Oregon 




PREFACE TO THE FIRST EDITION 


This booh is an outgrowth of the outline which has been used for 
some years in teaching laboratory diagnosis (clinical pathology) at 
the University of Oregon Medical School Its object is to teach the 
habits of thinking that are necessary to obtain the fullest information 
from laboratory sources, using as a basis for this teaching the body of 
knowledge which it is essential for every graduate of a modern medical 
school to possess We shall indeed feel happy, if, in addition, we ha\e 
succeeded in making the fascination and daily usefulness of this subject 
so obvious that at least some of our readers will pursue their study of it, 
not merely to the end of this or any other book, but throughout their 
lives 

The subject matter has been divided into its two natural divisions 
Part One is a consideration of that body of knowledge which the practi- 
tioner must have available at the bed side of the patient It gives 
information which will aid in answering such questions as the following 
What laboratory procedures will aid me in making the diagnosis on this 
patient? Are any of these procedures contraindicated? How often 
should they be repeated? What am I, and what am I not, justified in 
concluding from this laboratory report? Is my treatment of the case 
producing the desired result? Is my treatment doing harm? 

Part Two is a consideration of that body of knowledge which it is 
necessary to have available in the laboratory It will aid in answering 
such questions as the following Which method am I to choose for this 
determination? How much material is required and how should it be 
secured and conveyed to the laboratory? How do I make this estima 
tion or reagent, how identify this cell, cr> stal, or ovum? What are the 
limits of error m this determination? How may the common mistakes 
m technic be avoided? How can I determine whether my technic is 
satisfactory? 

The arrangement of the subject matter by systems (see Table of 
Contents) has been found by actual experience to increase very greatlj 
the student’s interest m the work If a test is presented to him merel> 
as a part of the examination of the urine he may be frankly bored 
However, if the same test is presented as an aid in the diagnosis of 
disorders of the kidney or unnarj tract, his interest is at once aroused, 
as he knows he will have such diagnoses to make The practitioner’s 
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problems arise in the same way He wishes to know how to arrive 
at a diagnosis in a particular type of case In this text he can find an 
organized discussion of the laboratory phase of this diagnosis m the 
chapter treating of that system, m some instances together with tables 
of differential diagnostic points 

Each chapter is introduced by the briefest possible resume of the 
essential anatomy, physiology, biochemistry, and pathology of the 
system under consideration, the object of which is to correlate this 
subject with knowledge the reader already has and to stimulate him 
to apply it Of necessity these introductions are extremely incomplete, 
but a few references are given with each which will guide the interested 
reader to fuller expositions 

Theoretical discussions are beyond the scope of a work of this type 
but we have tried to label fact and theory clearly, and to indicate the 
most important points of controversy with a reference or two 

The separation of the information needed in the laboratory from 
that needed at the bedside permits the individual interested either m 
technic or m interpretation to study as a connected whole the phase of 
the subject which interests him more 

The Index by Diseases of diagnostic measures in addition to the 
usual index, should not only serve as a valuable outline for review by 
the student but should also make this a handy reference \olume for the 
busy practitioner 

No effort has been made to have the list of laboratory tests for a 
given determination exhaustive We give for each determination the 
method which in our experience is preferable, and a critical discussion 
of such others as are so commonly used as to require mention The 
fact that a method does not appear in this book does not necessarily 
imply that it is not good To include all the methods which are in use, 
would have increased the bulk of the book to an extent which would 
preclude its being cov ered, as a whole, in the time allotted for the usual 
course in laboratory diagnosis, and would be a duplication of numerous 
texts now on the market We do not pretend to advise the trained 
chemist or the experienced teacher as to which method to use, but we 
do wish to acquire the reputation of having, as the recommended method 
for each determination m the most recent edition of this book, a test 
which is as satisfactory for clinical purposes as any available at the 
time of wnting, which has been personally tested in hospital, dispensary, 
and laboratory, and which will, therefore, be a safe choice for those 
who do not have the time and facilities necessary for proper evaluation 
of new methods 
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Ail but the simplest bacteriological and serological methods ha\e 
been omitted, as these subjects are adequate!) considered in man> 
excellent texts and are given in separate courses in the medical curncu 
lum However, the chief indications for bacteriological and serological 
procedures have been included in the Index b> Diseases 

With each recent method a reference is given to the original source 
This is our acknowledgment of indebtedness to the author The 
methods are given in Part Two as we recommend doing them and con- 
tain man> minor modifications w hich extensiv e use has led us to believ e 
arc improv ements We assume full responsibility for the changes made, 
and want it clcarl) understood that the authors of the method are 
responsible onlv for the technic as given m their original articles and 
have not been consulted as to the technic as given here We have 
made an earnest effort to give proper credit If we have failed at an) 
point, it has been through oversight, and we will appreciate having it 
called to our attention 

The bibliograph) has been planned with the following objects in 
view first, to familiarize the reader with the names of a few of those 
who ma) be expected to contnbute further outstanding work in the 
field under discussion and with the periodicals in which it is most hkel) 
to be found, second, to supplement and extend the information given 
here and to give points of view differing from our own, third, to give 
good examples of each tv pc of medical writing pertaining to labontor) 
diagnosis, fourth, to give wherever possible, references to reviews with 
good bibliographies which will guide the reader to the important 
literature with a minimum expenditure of time and fifth, to limit the 
bibliograph) as far as possible to material which is not more casil) 
accessible in the standard textbooks Hence, the references arc largcl) 
to recent literature and will require revision from time to time With 
the object of saving the readers time references have been given as 
full) as is possible, and, while manv important ones arc omitted, no 
reference has been included which will not repa) the time spent m 
reading it 1 lie bibliographv has been chosen for the reader, and not 
with the object of giv ing the sources of all the information included A 
complete bibliographv of all the references consulted would almost 
double the si?c of this book Hence it must suffice if w c here acknow 1 
edge our indebtedness to some extent at feast, to ncarl) everyone who 
has published work in this field in the last fifteen v cars, and particular!) 
to those who have supplied us with their reprints 

To 1 rank I Irotman v\c arc indebted for assistance in preparing 
Part Two on laboratory methods for manv valuable suggestions and 
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for help with the proof-reading In addition we wish to thank Mrs 
Grace H Osgood and Miss Mable M Wilhelm for much help in the 
preparation of the manuscnpt and the proof reading We are indebted 
to many members of the faculty of the University of Oregon Medical 
School for advice, but in particular we are grateful to Dr Laurence 
Selling, head of the Department of Medicine, for suggesting improve- 
ments in Chapter V and for his constant interest in the progress of the 
work 

The junior author (EDO) wishes, also, to acknowledge his indebt- 
edness both for information and inspiration to his teachers on the facul 
ties of the University of Oregon and Vienna, and on the medical staff 
of the Maj o Foundation 

We wish here to give credit to Miss Clarice Ashworth for her remark- 
able art work without which the original colored illustrations so skill 
fully reproduced by the Hicks Chatten Engraving Company would 
have been impossible, and to acknowledge our gratitude to our publish 
ers, P Blakiston’s Son and Co , Inc , for their liberal publication policy, 
hearty cooperation, and excellent treatment of our work 


Edwin E Osgood 
Howard D Hasrins 
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LABORATORY DIAGNOSIS 


at the outset that laboratory diagnosis is largely applied biochcmistr) 
physiology, and pathology , that bacteriology , parasitology , and serolog 
are but subdivisions of laboratory diagnosis, and that as an Integra 
part of the study of the patient, laboratory diagnosis is part of th 
clinical practice of medicine and necessary as ^ ell in any specialty I 
is most important of all to keep in mind that the laboratory study o 
the patient is a valuable supplement to, but not a substitute for, a care 
ful history and a thorough physical examination 

II GENERAL PRINCIPLES 1 

A Only generalizations can be given m books, while clinical prac 
tice is a senes of individual problems Blind following of this or an; 
other text will be of little profit Exceptions will be found to mo 
rules in medicine, those in this textbook included Regard even th' 
most didactic statements which occur in the following pages as points o 
departure in thinking rather than as ultimate goals I have tried t 
recommend laboratory procedures in the vanous types of cases tha 
would constitute an ideal study of a case from the standpoint of th 
patient’s physical w elfare, but the patient’s economic, social, and raenta 
well being must also be taken into consideration The Iaborafon 
examinations which the physician can conscientiously recommend an 
those which he, still possessed of his own knowledge of the disease and o 
the tests available, would want done on himself, were he in the patient 
physical, economic and social position, and were he required to pay th 
pnee expected of this patient for this quality of laboratory work 
This artifice of putting one’s self in the patient’s place will sunpbf; 
decisions on many other phases of medical practice, not the leas 
important of which is the decision as to the desirability of consultatio 
with an expert in some special field In considering the benefits to b 
derived by the patient from such consultation, the special knowledg 
of the expert in laboratory diagnosis should not be overlooked 

B Planning the Laboratory Study — To conserve time am 
expense for the patient and give maximum aid to the physician , 1 
definite effort should be made to plan all the laboratory work which i 
indicated immediately on completion of the history and physical exa ® 5 
nation while the data are freshly in mind and the patient is still av ailabl 
should venipuncture, spinal puncture, etc , be needed It is a com ® 01 
mistake to wait for the results of a urinalysis, blood count, or WassN 
mann test when a moment’s thought would make clear the necessit] 
g*2^37 d (Junef 1938 ^ Clm,cal Ut »lwation of Blood Studies J Lab & Clin Med 
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ir other tests, for instance, a blood sedimentation rate determination, 
, spinal fluid examination, or an icterus index estimation, irrespective 
£ what the results of the first mentioned tests might be This delay 
ometimes means the loss of lives and often the loss of da\ s of valuable 
ime 

As each patient is studied, give definite thought to the chemical 
nd physiologic changes underlying the signs and s> mptoms observed, 
.nd plan the laboratory examination with the object of securing a 
Iear mental picture of these fundamental changes Have a definite 
eason for ordering or performing each test If this plan is followed, 
ihysicians will not display their ignorance by such absurd requests as 
ar a “complete blood count” or a “complete blood chemistry ” 

Any important deviation from normal in the results of a laborator\ 
xarmnation should be followed by repeated tests until the results have 
ither returned to normal and the tendency to deviate has disappeared 
r the patient has died 

C Interpretation of Laboratory Data — In interpreting results, 
ransform laboratory data first into a mental picture of the fundamental 
iathologic, chemical and physiologic changes which could explain 
hem, and, having these clearly in mind, consider all the causes which 
nay produce these changes, giving due weight to their relative fre- 
[uency It is much easier to interpret hematuria if we first think of 
t as due to a hemorrhagic inflammation or an ulceration somewhere 
i the urinary tract, or to one of the sy stemic conditions associated with 
tendency to hemorrhage, and then analyze each of these subdivisions 
■irther, than if we simply try to remember by rote all the causes of 
lood in the urine 

( Keep observations clearly separated, in records and thinking, from 
'ae conclusions or hypotheses that have been formulated from these 
bservations Observ ations are much more apt to be correct than the 
inclusions based on them Hippocrates would have but little fame 
)day if he had recorded only his conclusions We all have a great 
ndency to go beyond our facts How common is such thinking 
's the following The patient has a red cell count of 2 50 million Ov a 
1 the beef tapeworm are found in the feces Therefore, his anemia is 
to infestation with tapeworms Actually, we are justified in con 
lauding only that, if no errors in identification or technic have been 
''ade, and no errors in labelling of the specimens have occurred, the 
i^tient has anemia and is harboring at least one tapeworm Whether 
fte worm is, in part or m whole, responsible for the anemia must still 
i determined A patient particularly if past middle life, may have 
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tion is desired than is found where the test or disease is first mentioned 
If the name of a disease means little or nothing to you, do not proceed 
until it has been looked up 

To leam the interpretation of laboratory findings, first master the 
broad general statements which cover the fundamental causes Then, 
as a rule, your knowledge of pathology will suggest the subdivisions 
When the assignment has been covered in this manner, return to 
these suggestions for study and follow them through mentally , without 
referring to the body of the text When finished, refresh jour memory 
again on the things which had been forgotten Repeat this until the 
subject matter of the assignment is well in mind 

Acquire the habit of refreshing your memory on the laboratory 
phase of each disease as it is studied in medicine, surgery, or the 
specialties and in connection with each patient that you see Use the 
Index by Diseases in working out differential diagnoses 

To keep up to date, it will be necessary to learn to utilize the litera 
ture of this subject This, like all textbooks, must be somewhat behind 
the forefront m some phases, therefore, not only make sure that you 
have available for reference the most recent edition of one or more 
good supplementary books , 1 but get in the habit of reading critically 
the current literature on this subject 

1 Of the more extensive reference books on laboratory diagnosis available at the time 
of writing I would recommend Peters J P and V an Slyhe D D Quantitative CUmcal 
Chemistry Vol I and II The Williams and Wilkins Co , Baltimore 

‘Much of it is scattered but for the American medical student The Archives of 
Internal Medicine The American Journal of Clinical Pathology The Journal of 
Laboratory and Clinical Medicine 1 and the 1 Journal of Biological Chemistry, offer the 
most easily accessible concentrated sources 



CHAPTER II 


DISORDERS OF THE KIDNEY AND URINARY TRACT 
WITH ESPECIAL REFERENCE TO NEPHRITIS 

I resum£ of the essential points in the anatomy, 

PHYSIOLOGY AND BIOCHEMISTRY OF THE 
FORMATION OF THE URINE 1 

The functional unit of the kidney is the glomerulus with the tubule leading 
from it to the collecting tubule The glomerulus consists of a hollow sphere of 
very thin epithelium, opening into a tubule, which is mvaginated by a tuft of 
capillaries The tubule is lined with thicker epithekum and is divided into a 
proximal convoluted portion, the loop of Henle and a distal convoluted portion 
The blood supply of the tubule is a second group of capillaries arising from the 
efferent vessel of the glomerulus Therefore, it is supplied only by blood which 
has already passed through the glomerulus, the composition of which is certainly 
different from that on either the artenal or the venous side of the circulation 
For the same reason any interference with the blood supply of the glomerulus 
must of necessity affect the tubule also, and any toxin earned by the blood stream 
that reaches the glomerulus is almost certain to come in contact as well with the 
corresponding tubule No toxin can reach the tubule through the blood stream 
without first reaching the glomerulus Hence the burden of proof of the exist- 
ence of separate lesions should rest on those who believe them to occur 

The mechanism of the formation of urrne is not definitely settled The 
theory* having the most support is that in the glomeruli a dialysate of the plasma 
Is formed, from which, on passing through the tubules, the threshold substances 
are reabsorbed The extent and nature of this process can best be illustrated 
by Table x ■which is modified from Cushny 

The function of the kidney Is best understood if it is regarded primarily as 
an organ whose work is to maintain the chemical and physical qualities of the 
blood plasma within norma! limits In this function it is greatly aided by the 
lung which regulates all of the gaseous Interchanges and excretes certain volatile 
drugs and poisons, and to a less extent by the sweat glands, liver and bowel 
which function In a manner similar to the kidney but much less effectively 
Once this view becomes clear one sees that the formation of the urrne is merely 
a by-product of such kidney activity and one realizes why the unne is so extra 
ordinarily variable in composition while the plasma remains so uniform 

‘Richard* A \ Urine Formation in the \mphibian Kidney The Harvey Lectures, 
lot 30 pp pj-nS Williams and Wilkin* Co Baltimore 1936 

J-tisnn) A K The Secretion ol the Lrine Ida Ip aSj Longmans Green and 
Co tendon tg>6 

Witters C J Fhy*nlo-v in Health and Disease Pp 8ji~S.,o Lea and Fringe; 
i hilalfiph t, J d m3 
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Table i * — Urine Compared with Plasma and Glomerular Filtrate (Ccshny) 



1 

Plasma 

i 

j 

Glomer 
ular fil- 
trate, 

83 liters 
contains 

82 liters reab- 
sorbed fluid 
contain 

i 

1 

z liter of unne 
produced con- 
tains 

Change 
in con- 
centra- 
tion due 
to kidney 
action 

Per cent 

Grams 

Per cent Grams 

Per cent Grams 
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1 

X 
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Bicarbonate! 
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Sodium] 
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1 0 
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Chlorine] 
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333 0 

0 40 

3270 
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2 0 

7 

Potassium] 
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18 0 

0 02 

165 j 

0 is 15 

70 
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0 009 

8 1 

0 0008 1 

66 1 

015 15 
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9 

Uric Acid 

0 002 

18 

0 Q016 

I 3 1 
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10 

NH, 

1 0 001? 

0 9 

j 0 00061 
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0 04 | 0.4 

40 0 

IX 
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, 003 

270 

; 0 008 

70 

2 00 | 20 0 

60 0 

12 

CreaUnin 

0 001 

09 

0 00018 

0 xs 

0075 j 075 

75 0 

13 

S 0 « 

1 0 002 

.8 



018 18 

90 0 


* Modified from Cushny The Secretion of Urine pp *6 end 57 
t Threshold Substance 


The kidney is influenced in its function only by excess or deficiency of any 
particular substance In the plasma reaching it, not by excess or deficiency of 
that substance in the body as a whole, except as it modifies the composition of 
the plasma Thus, marked edema may be perfectly compatible with deficient 
water excretion by a kidney perfectly capable of adequate fluid output if that fluid 
should be presented to it as excess m the plasma 

A normal urine is, therefore, not susceptible of accurate definition even if the 
type and amount of diet and the fluid intake are known , for variations in external 
or internal temperature (sweating), in degree of physical activity, and physio- 
logic variations in metabolism also influence its composition Only when all 
these factors are known or, better, when the exact composition of the plasma 
reaching the kidney is known, can an even reasonably accurate prediction of 
the urine formation by the normal kidney be made 

The functions of the kidney include the retention of colloids m the plasma, 
the maintenance of water balance, the maintenance of acid-base balance, 1 m 
which it is aided by the lungs, the removal of waste products, the non-threshold 
substances (Table i), drugs and poisons , the maintenance at normal levels of the 
threshold substances (Table i) , and the maintenance of the normal osmotic 
pressure of the plasma In addition the kidney is able to synthesize hippunc 
acid from benzoic acid and glycme , to form ammonia from urea when it is needed , 
and to hydrolyze organic (hexose) phosphate compounds to inorganic phosphates 
The composition of the urine, aside from extraneous elements which may be 
1 Thi3 is more fully discussed in Chapter III 
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added to it after its formation, is, therefore, an indicator of the problems pre- 
sented to the kidney by the plasma reaching it Increases in the non-volatile 
constituents of the plasma not attributable to unusual intake or metabolism are 
the best indexes of impaired renal function 

Goldblatt and others 1 have demonstrated that renal ischemia results in hyper- 
tension The hypertension occurs whether the ischemia is unilateral or bilateral, 
and is independent of the nerve supply, but is due to the formation of a substance 
(remn) in the kidney which, after reaction with a plasma factor, directly produces 
arteriolar constriction in all areas supplied by blood which has passed through 
such a kidney This undoubtedly accounts for the hypertension characteristic 
of many diseases of the kidneys and of hypertensive cardiovascular disease 


II ESSENTIAL POINTS IN PATHOLOGY 2 


So much remains unknown, and so much speculation has been done on such 
slight foundation that it will require very clear thinking to separate fact from 
fiction in the field of kidney pathology Names have been given which imply 
knowledge of disease processes which we do not possess It has not been 
proved that the conditions formerly called nephritis are all inflammations, or 
are even primarily kidney diseases “Lipoid nephrosis” may well be due to a 
decrease in plasma proteins from a deficient formation or excessive excretion, 
rather than to degeneration of kidney tubules 

Glomerular nephritis may be only the participation of the glomerular capil- 
laries m a general capillantis The primary contracted kidney of hypertensive 
cardiovascular renal disease is almost certainly only one of the late results of a 
systemic condition 

There are certain broad pathologic concepts which can be relied on, however 
First, there is sufficient reserve renal tissue, so that about 80 per cent of 
it must be destroyed or incapacitated before any detectable change m renal 
function occurs Therefore, unilateral renal disease practically never, and 
patchy renal disease very rarely, will show change in renal function as determined 
from blood chemistry or examination of bladder urrne On the contrary even 
slight diffuse bilateral renal disease will produce such changes 

Second, renal function depends on the blood supply to the kidney Any 
alteration in the amount, composition, pressure, or physical properties of the blood 
reaching the glomerulus will be reflected in the urme formed, and such changes 
do not necessarily imply that the kidney is primarily at fault 

Third, inflammation anywhere m the urinary tract will introduce into the 
urme the exudate characteristic of the type of inflammation, 1 e , catarrhal (pus), 
serous (pus and protein), hemorrhagic (pus, protein, and blood) Therefore, a 
review of the common inflammations of the urinary tract will aid greatly in the 
interpretation of these findings 


‘Goldblatt II Experimental Hypertension Induced by Renal Ische mia Harvey 
Lecture Bull New \ork Acad Med 14 513-553 (Sept ) 1938 

Dickering G W and Prinzmetal M Some Observ ations on Remn a Pressor Sub 
stance Contained in Normal I idney Together with a Method for Its Biological Assay 
CIm Sc 3 211-327 (Apr) 1938 1 

s Moritz A R andOldt M R Artenolar Sclerosis in Hypertensive and Non Hyper 
tensne Individuals Am.J Path 13 679-728 (Sept ) 1937 
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Fourth, in the male the ducts of the genital organs open directly into the 
urinary tract, and in the female the vaginal orifice is very close, therefore, 
secretions or exudates from these sources may introduce changes in the urine 
as voided 

Fifth, casts are produced in the kidney tubules by reabsorption of the fluid 
from a protem-contaimng glomerular filtrate and the adherence to or imbedding 
in this hyaline mass of such cellular elements as are present in the lumen of the 
tubule Therefore, the presence of casts means that some protein is entering 
the urinary tract at the glomerulus and that at least part of the disturbance lies 
here or proximal to this point The opposite is not necessarily true 

Sixth, any partial obstruction in the urinary tract tends to produce hydrone- 
phrosis and, therefore, partial loss of function in the kidney affected It also 
predisposes to infection in the urinary tract proximal to the obstruction which 
may result in further loss of function Complete obstruction of a ureter produces 
atrophy, and, of course, total loss of function of the affected kidney Therefore, 
a review of all the causes of obstruction m the unnary tract will be profitable 

III INDICATIONS FOR AND INTERPRETATION 
OF THE URINE EXAMINATION 

The routine urinalysis as described in the laboratory section should 
be performed on every patient studied, as experience has shown that 
important discoveries not suspected from the history or physical 
examination are thus frequently made This examination is doubly 
important in cases in which hypertension, diffuse edema (edema includ- 
ing the face in contradistinction to edema of passive congestion which 
begins m the most dependent portion), Tetmopath> , or local symptoms 
(smarting or frequent micturition, ureteral or bladder pain) focus 
attention on the unnar> system In such cases the total urinary out 
put should be measured daily, to be compared with the record of the 
fluid intake A routine urinalysis should be done on a properly 
preserved sample in acute cases daily and in chronic cases twice a week 
A Heat Coagulable Protein Albumin and Globulin 1 — The 
presence of heat coagulable protein in the urine is called albuminuria, 
even though globulin is also present, usually in small amounts If 
found, a rough quantitative estimation is desirable, but for most pur 
poses the approximate quantitative expression of the results of the 
qualitative test is sufficient The concentration (grams per liter) is 
more significant than the 24 hour excretion, but if the latter is great, 
this loss of body protein must be considered in planning the diet 
Normal urine does not give a positive result with any of the usual tests 
The causes of albuminuria are as follows 

1 Keutmann E H. and Bassett S II Studies on the Mechanism of Proteinuria 
J Clin Investigation 16 767-776 (Sept ) 1937 
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1 Nephritis of all t}pes and all the conditions formerly called 
nephritis (p 44) The protein tends to be present in higher concen 
tration in the acute stages An extremely high concentration (over 
2 grams per liter) is a point in fa\or of the diagnosis of lipoid nephrosis , 
atmloidosis, or syphilis of the kidney In chronic nephritis and par- 
ticular^ in the primary contracted kidney of liypcrlcnsi 'c cardiovascular 
renal disease only a one plus reaction is usually present and it is fre 
quently absent for days at a time A similar trace of albumin is 
usuall} found in old persons without hypertension and is due to patchy 
lesions of senile atherosclerosis in the kidney A sudden increase in 
the heat coagulable protein content in chronic diffuse nephritis, espe 
cially if associated with increase in red cells and decreased daily \olume, 
suggests an acute exacerbation A similar increase in coagulable 
protein in hypertensive cardiovascular renal disease usually means a 
superimposed passiv c congestion of the kidney due to heart failure 

2 Febrile Albuminuria 1 — In most febrile diseases a transient 
albuminuria occurs, associated with the changes in the kidnev described 
by pathologists as cloudy swelling or parenchymatous degeneration 
There is also a tendency to oliguna (a small volume of highly colored 
urine of high specific gravitv ) These findings return to normal during 
convalescence However, a true nephritis may develop during the 
course of a fever This is especially apt to occur in scarlet fever, ton 
silhtis, sinusitis, other streptococcic infections, and diphtheria There 
fore, the urine should be studied frequently and carefully in such cases 

3 Passive Congestion of the Kidneys — This is a very common 
cause of albuminuria It is, therefore, important to recognize it so 
that it will not be confused with primary disease of the kidney Glob 
uhn often forms a greater proportion of the heat coagulable protein 
than it docs in other forms of proteinuria It is most often due to 
congestive heart failure but any obstruction in the venous return from 
the kidneys to the heart will produce it The findings associated with 
the albuminuria in bilateral involvement are a small daily output of 
urine of high specific gravity, usuallv strongly acid in reaction and low 
in chloride content Casts arc usuallv present and in severe cases red 
cells also appear In cases uncomplicated bv chronic nephritis or bv 
impaired renal function of the tv pc which occurs in some cases of 
hypertensive cardiovascular renal disease, urobilinogen is constantlv 
present in increased quantities In ca«cs with these complications a 
test for urobilinogen is negative and the specific gravitv of the urine 
tends to be lower than would otherwise be expected 

1 Well) J W Tcbnlf Albuirlnuna An J M ,g 4 o- 4 (July) toi/ 
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Fourth, in the male the ducts of the genital organs open directly into the 
urinary tract, and in the female the vaginal orifice is very close, therefore, 
secretions or exudates from these sources may introduce changes in the unne 
as voided 

Fifth, casts are produced in the kidney tubules by reabsorption of the fluid 
from a protem-contammg glomerular filtrate and the adherence to or imbedding 
in this hyaline mass of such cellular elements as are present in the lumen of the 
tubule Therefore, the presence of casts means that some protein is entering 
the urinary tract at the glomerulus and that at least part of the disturbance bes 
here or proximal to this point The opposite is not necessarily true 

Sixth, any partial obstruction m the urinary tract tends to produce hydrone- 
phrosis and, therefore, partial loss of function in the kidney affected It also 
predisposes to infection in the urinary tract proximal to the obstruction which 
may result m further loss of function Complete obstruction of a ureter produces 
atrophy, and, of course, total loss of function of the affected kidney Therefore, 
a review of all the causes of obstruction in the urinary tract will be profitable 

III INDICATIONS FOR AND INTERPRETATION 
OF THE URINE EXAMINATION 

The routine unnalysis as described in the laboratory section should 
be performed on every patient studied, as expenence has shown that 
important discoveries not suspected from the history or physical 
examination are thus frequently made This examination is doubly 
important in cases in which hypertension, diffuse edema (edema includ 
mg the face in contradistinction to edema of passive congestion which 
begins in the most dependent portion 1 ), retinopathy, or local symptoms 
(smarting or frequent micturition, ureteral or bladder pain) focus 
attention on the urinary system In such cases the total urinary out 
put should be measured daily, to be compared with the record of the 
fluid intake A routine urinalysis should be done on a properly 
preserved sample in acute cases daily and in chronic cases twice a wee! 

A Heat Coagulable Protein Albumin and Globulin 1 — The 
presence of heat coagulable protein in the urine is called albuminuria, 
even though globulin is also present, usually in small amounts If 
found, a rough quantitative estimation is desirable, but for most pur 
poses the approximate quantitative expression of the results of the 
qualitative test is sufficient The concentration (grams per liter) is 
more significant than the 24 hour excretion, but if the latter is great, 
this loss of body protein must be considered in planning the diet 
Normal urine does not give a positive result with any of the usual tests 

The causes of albuminuria are as follows 

1 Keutmann E H and Bassett S H Studies on the Mechanism of Proteinuria 
J Clin Investigation 16 767-776 (Sept ) 1937 
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1 Nephritis of all types and all the conditions formerly called 
nephritis (p 44) The protein tends to be present in higher concen 
tration in the acute stages An extremely high concentration (o\cr 
2 grams per liter) is a point m fa\or of the diagnosis of lipoid nephrosis, 
amlonfom, or syphilis of the kidney In chronic nephritis and par- 
ticular^ in the primary contracted kidney of hypertensive cardiovascular 
renal disease only a one plus reaction is usually present and it is fre 
qucntly absent for days at a time A similar trace of albumin is 
usually found in old persons without hypertension and is due to patch> 
lesions of senile atherosclerosis in the kidney A sudden increase in 
the heat coagulable protein content in chronic diffuse nephritis, espe 
cially if associated with increase in red cells and decreased daily volume, 
suggests an acute exacerbation A similar increase in coagulable 
protein in hypertensive cardiovascular renal disease usually means a 
superimposed passiv e congestion of the kidney due to heart failure 

2 Febrile Albuminuria *— In most febrile diseases a transient 
albuminuria occurs, associated with the changes in the kidney described 
by pathologists as cloudy swelling or parenchymatous degeneration 
I here is also a tendency to oliguna (a small volume of highly colored 
urine of high specific gravity ) These findings return to normal during 
convalescence However, a true nephritis may develop during the 
course of a fever This is especially apt to occur m scarlet fever, ton 
sillitis, sinusitis, other streptococcic infections, and diphtheria There- 
fore, the urine should be studied frequently and carefully in such cases 

3 Passive Congestion of the Kidneys — This is a very common 
cause of albuminuria It is, therefore, important to recognize it so 
that it will not be confused with primary disease of the kidney Glob 
uhn often forms a greater proportion of the heat coagulable protein 
than it docs in other forms of protemuna It is most often due to 
congestive heart failure but any obstruction in the venous return from 
the kidneys to the heart will produce it The findings associated with 
the albuminuria in bilateral involvement arc a small daily output of 
urine of high specific gravity, usually stronglv acid in reaction and low 
in chloride content Casts arc usuallv present and in severe cases red 
cells also appear In cases uncomplicated bv chronic nephritis or bv 
impaired renal function of the type which occurs in some cases of 
hypertensive cardiovascular renal disease, urobilinogen is constanth 
present in increased quantities In cases with these complications a 
test for urobilinogen is negative and the specific gravity of the urine 
tends to be lower than would otherwise be expected 

W Ftbrilf Albumlnuru Ira J M V 194 ,0-74 (July) iqj 
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4 Orthostatic (lordotic or postural) Albuminuria 1 — This is prob 
ably only a subdivision of the preceding group as it is thought to be due 
to a congenital variation which permits partial obstruction to the 
return flow of blood through the left renal vein in positions which tend 
to increase the lordotic curve of the lumbar spine It is not uncommon 
in young individuals Since it rarely leads to serious consequences, it 
is of importance only because it must be differentiated from other types 
of albuminuria The characteristic finding is the presence of albumin 
m the urine voided after the patient has been up and about, and its 
absence in urine voided after the person has been lying down To test 
for it, have the patient bring a sample of urine \ oided immediately on 
arising in the morning This should contain no heat coagulable pro 
tem Then have the patient stand for half an hour with bis bach to 
a wall and his heels against it This forces a lordotic position and urine 
voided at the end of this time should contain albumin The best proof 
of the relation of the lordosis to the albuminuria is that albuminuria 
occurs when the patient is lying down if the bach be forced into a 
lordotic position by a hard pillow under the lumbar spine 

5 Physiologic (tunctional or cyclic) Albuminuria 8 — About five 
per cent of apparentlj healthy young adults show albuminuria This 
is often transient, but may persist for years without the development of 
evident disease In adolescence it is even more common Over fifty 
per cent of persons wdl develop albuminuria after severe exerase 
The appearance of albuminuria after cold bathing or the ingestion of 
large amounts of egg albumin has been reported There is no satisfac- 
tory explanation for these physiologic albuminurias Renal function 
tests should be repeated at intervals if albuminuria persists 

Note The great majority of cases of albuminuria seen clinically 
will fall in these first five groups 

6 Complications of Pregnancy and the Puerpenum — Since 
albumin in the urine may be the first sign of an impending eclampsia, 
the urine should be tested frequently during pregnancy On the other 
hand, albuminuria in pregnancy may be due to a passrv e congestion of 
the kidney from pressure of the uterus on the renal veins, to a true 

1 Thorp E G and Wakefield E G Orthostatic Albunununa Comparison with 
Other Types of Albuminuria Ann Int Med 6 1565-1578 (June) 1933 

1 Diehl H S , and McK inlay, C A Albunununa in College Men Arch Int Med 49 
45 (Jan) *93* 

Hellebrandt Frances A Studies on Albuminuria Following Exercise I Its Inci 
dence in Women and Its Relationship to Negative Phase in Pulse Pressure Am J of 
Phys roi 357 (July) 1932 

Hellebrandt Frances A Brogdon Elizabeth and Kelso LEA Studies on Albunn 
nuna Following Exercise II Its Relationship to the Speed of Doing Work Am J of 
Phys 1 365 (July) *932 



DISORDERS OF THE KIDNEY AND URINARY TRACT 1 7 

nephritis, to nephrosis, or to any other of the causes of albummuna 
which may occur m a non pregnant woman Further laboratory 
examination and the results of physical examination will make the 
differentiation 

7 Poisons — Temporary albuminuria following general anesthesia 
occurs m about one fourth to one third of all the cases and need not 
cause alarm 

Poisoning with the heavy metals, especially mercury, lead and 
bismuth, is common and results m chemical changes in the blood and 
urine similar to those in acute glomerular nephritis The differentia 
tion is made by the history and physical examination If the patient 
does not die in the acute stage, complete recovery may be expected 

Turpentine, canthandes, or arsenic poisoning may produce a 
similar urinary picture 

It is important, therefore, to study the urine before and during the 
therapeutic administration of these drugs 

8 Trauma to the Kidney 

9 Polycystic Kidneys — This is a rare congenital anomaly usually not becoming 
manifest until the patient is forty to sixty years of age One to two plus albumin 
is usually found 

10 Severe Anemias —A one or two plus albuminuria is not uncommon and 
does not alter the prognosis 

1 1 Hemoglobinuria and Methemoglobmuna 

1 2 Severe Obstructive Jaundice 

In all of the above mentioned conditions pus cells are usually few or absent, and 
the albumin enters the urinary tract through the glomerulus so casts are usually 
present also In the remaining types pus cells are numerous and albumin enters 
distal to the tubules so that casts rarely occur in uncomplicated cases 

13 Tuberculosis of the Kidney — This rarely causes albuminuria 

14 Pyelitis, Ureteritis, Cystitis, and Urethritis — Only unusually severe inflam 
mations are apt to cause albummuna If casts and much albumin appear during 
the course of a pyelitis the senous complication of pyelonephntis or pyonephrosis 
should be suspected Unfortunately, these complications may occur without 
producing albuminuria and casts are more often absent than present 

15 Pus or Blood —If in large amounts, these may be the sole cause of a one 
or two plus protein test 

16 Secretions or Exudates from the Genital Tract — These may be responsible 
for positive protein tests in voided unne 

The presence of proteinuria alone is never a sufficient basis for the 
diagnosis of nephritis, but the finding of albumin in the urine should 
always lead one to consider this possibility 

B Bence Jones Proteinuria — This is rare but important It is easily over 
looted in the routine test for albumin unless the tests are performed as directed It 
is found only in such extensive lesions of the bone marrow as the following 
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1 Multiple Myeloma — Most patients in whom Bence Jones proteinuria has 
been demonstrated have been proved to have these rare (Mayo clinic statistics 
show 13 cases out of 548 000 admissions) multiple bone tumors About 20 per cent 
of cases of multiple myeloma, however, never develop Bence Jones proteinuria 
It is possible to demonstrate the presence of this protein in the blood serum, and 
sometimes the total serum protein is increased Of thirteen cases of multiple 
myeloma studied by the author, only two failed to develop Bence Jones proteinuria 

2 Leukemias — It has been reported in only a very small percentage of patients 
with these diseases In a careful study of about one hundred cases I have never 
found it 

3 Extensive Metastases of Malignant Tumors to Bone — These have been 
reported to cause Bence Jones proteinuria I have never found it in such cases 

The frequent association of Bence Jones proteinuria with anemia and renal 
insufficiency 1 usually without hypertension, has doubtless caused some cases of 
multiple myeloma to pass unrecognized under the diagnosis of nephritis 

C Other Proteins 1 Proteose — This is of little diagnostic value and of no 
value when albumin is also present It occurs m any condition with extensive 
breaking down of cells, especially leukocytes, as in the absorption of an exudate 
resolving pneumonia, leukemia, abscesses and m severe liver disease It may be 
absorbed from the intestine in ulcerative colitis, or occur in pregnancy due to 
absorption of ammotic fluid, or in the puerpenum due to involution of the uterus 
Proteose like substances from the seminal fluid or proteose resulting from the 
disintegration of pus or albumin in unne which has been allowed to stand several 
days may give nse to positive tests of no diagnostic significance 

The presence of an ether extractable substance described as urinary proteose 
by Onel, has been reported as of significance in allergic conditions Since this 
substance has been demonstrated in nonallergic conditions* and has been shown 
to give non specific skin reactions it is doubtful whether it will prove to be of 
clinical significance 

2 Mucinous Proteins, variously called mucin, mucoid, phosphoprotein, muco 
protein nucleoprotein etc — The chemical nature of this protein has not yet been 
determined It appears in the urine in cases of severe cystitis and, perhaps 
pyelitis It must be differentiated carefully from Bence Jones pro tern 

D Sediments — The examination of sediments is an extremely 
important part of unnalysis, too often slighted by medical students 
It requires much controlled practice to learn to identify organic sedi 
ments correctly 

1 Casts — These are more important than albumin and may be 
found when the albumin test is negative They indicate renal dam- 
age, although this may be only temporary, as in passive congestion 
of the kidney, or localized to a small area in the kidney , as in focal 
embolic nephritis Red cell casts, leukocyte casts, and granular casts 

1 Banmck E G and Green, C H Renat Insufficiency Associated with Bence Jones 
Proteinuna Arch Int Med 44 486-501 (Oct ) 1929 

*Tuft L and Brodsky M Unnary Proteose in Allergic Conditions J Allergy 4 

S 34 (Sept ) 1935 
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are most common in the acute inflammatory t>pes of nephritis, h> aline 
in the chronic forms Waxy casts are rare (said to be found m amyloid 
disease) Ver> broad casts (renal failure casts of Addis) indicate a 
bad prognosis, for the} appear onl} in the last stages of severe renal 
disease 

Casts occur in all types of albuminuria in which the albumin enters 
the unne in the kidney and are absent in those types of albuminuria 
due to lesions lower in the unnar> tract They are usually numerous 
in cases with much albumin in the urine and vice versa, but may be 
present when the amount of albumin excreted is too small to give 
positive chemical tests The causes are the same as those listed for 
albuminuria (A 1-12) 

2 Hematuria 1 — This is blood as such in urine An occasional 
red cell may be found in the urine of health} persons, but one plus 
blood or over, not due to contamination from menstrual discharge, etc , 
is alwavs significant The amount of blood present is usuall) over 
estimated (p 3s 1 ) The loss of blood in the most severe cases of 
hematuria of nephritic origin probably rarely reaches 5 cc per day 
The anemia of nephritis is, therefore, not due to hemorrhage Other 
causes, particularly bladder tumors, may lead to serious and even fatal 
loss of blood 

In the three glass test, blood only at the end of unnation suggests 
a source in the bladder, only at the beginning, a source in the urethra, 
but evenly mixed blood a source m the kidney If the red cells are 
imbedded in casts, a renal source is certain If the red cells are much 
altered, either crenatcd or swollen and partly hemolyzed, a renal 
source is most probable but not certain 

The causes are 

(a) Acute and Subacute Glomerular A cphritis — Gross hematuria 
is usually present at some stage and the diagnosis should not be made 
if red cells are not found A pure nephrosis, on the other hand, never 
gives nsc to hematuria 

(b) Vocal or Ltnboltc Nephritis — This is sometimes called hem 
orrhagic nephritis because of the marked tendency to hematuria 

(c) Chronic Diffuse Nephritis —This shows a constant slight hema 
tuna A marked increase in the number of red cells gives warning 


•rtttndnth D N Hematuria Xts Interpretation J \ M \ 86 815-813 (March 
zo) ipj6 

Van Duien R I Review of joo Cases of Hematuria 
J7*-vVa (J*n ) 


Texas State J Med a* 


Mackenzie 1 ) V\ Hematuria Canad Med \s«*>c J j; 405-406 1 ojj 
W ilbur D 1 , and Priestly J T I Ssentul Hematuria \ Cluneal and f 


**tudj \nn Surgery toi 647-638 (Jan) 19J5 
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of the onset of one of the acute exacerbations so common m this disease 
The presence of red cells is an important differential point between 
this condition and the primary contracted kidney of hypertensive 
cardiovascular renal disease in which hematuria is absent 

(d) Tuberculosis of the Kidney — Hematuria is present in about 
50 per cent of the cases It may be one to four plus and may occur 
early or late in the course of the disease It is usually intermittent 
but may be constant Pus cells are usually present also The bleeding 
may be from the kidney or from the ulcers in the bladder which are 
usually present 

(e) Drugs and Poisons — A large number may produce this symp 
tom The most important are mercury, bismuth, arsenic, phosphorus, 
canthandes, turpentine (paints), methenamine (urotropin), sulfa- 
pyndine and insulin The first five should not be gi\ en if renal hematuria 
is present and should be discontinued if it appears Hematuna is not 
necessarily a contraindication to the administration of sulfapyndine, 
methenamine or insulin but it is usually advisable to decrease their 
dosage if it appears to result from their administration, as it occasional!} 
does 

(f) Neoplasms — All malignant tumors of the kidney may give 
rise to hematuna, but carcinoma (hypernephroma) is the most impor- 
tant The bleeding occurs m over 80 per cent of the cases, is usually 
the first symptom to appear, and is apt to be intermittent at first and 
later become constant 

(g) Infarction of the Kidney — This usually leads to a transient 
gross hematuria 

(h) Pyelitis, Pyelonephritis and Pyonephrosis — These give rise to 
one to two plus hematuria in the more severe cases, but pyuria domi 
nates the picture 

(1) Hydronephrosis — This, even when uncomplicated, may result 
in intermittent gross hematuna 

0 ) Renal Calculi — These frequently give rise to gross or microscopic 
hematuna, but gross hemorrhage into the renal pelvis may produce 
clots, which in turn may cause typical ureteral colic and lead one to 
suspect a calculus which is not present 

(k) Trauma to the kidney 

( l ) Congenital Polycystic Kidneys — In from 50 to 70 per cent of cases these give 
nse to intermittent gross hematuna over a penod of years 

(m) Extreme Passive Congestion of the Kidney — This may give nse to one to two 
plus hematuna which disappears when the congestion decreases 
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(n) Systemic Diseases mtk a Uemorrkagtc Tendency (p 273) — The most impor 
tant are 

(1) Purpura hemorrhagica and other conditions in which the platelet count is 
low These include aplastic anemias, leukemias and a few cases of pernicious 
anemia 

(а) The group of athrorobopenic purpuras 

(3) Hemophilia 

(4) Hodgkin s disease and lymphosarcoma 

(5} Polycythemia \era 

(б) Scurvy 

(7) One form of vicarious menstruation 

(8) Periarteritis nodosa 

(o) Essential Hematuria — This is the term used when no cause can be found 
The cases so reported are probably merelv failures in diagnosis most often of a focal 
embolic nephritis of lowr grade, or of a group of miscellaneous minute lesions of the 
renal pelvis or papillae 

Since the terras essential, idiopathic and functional usually mean cause undeter 
mined, they should be used with caution 

In all the above groups the red cells enter the urinary tract in the 
kidney or renal pelvis In the remaining types of hematuria the red 
cells enter the unnary tract distal to the renal pelvis 

(p) Severe Infections — Microscopic or gross blood is found m the 
hemorrhagic forms of ureteritis, cystitis, and urethritis, and raaj also 
be due to severe infections of the prostate or seminal vesicles Ure- 
teritis with hematuria occasionally results from adjacent inflammations 
(appendicitis or salpingitis), and focal nephritis may also occur in such 
conditions 

(q) Calculi may be formed either in the bladder or in the renal 
pelvis Hematuria is particularly apt to occur during their passage 
through the ureter or urethra 

(r) Neoplasms, either primary or secondary, anywhere in the 
urinary tract Particularly severe hemorrhages may occur from 
tumors of the bladder Malignancies of the prostate or of the female 
genitalia ire especially apt to invade the unnary tract and product 
hematuna through ulceration or obstruction and resulting infection 

(s) Ulceration of all types occurring in the unnary tract 

(t) Trauma including the trauma of instrumentation 

(u) i»i/A<ir taut is a common cause of hematuna in Egypt and Northern Afnca 
and has been reported m the Southern United States The ova of Schistosoma 
hematobium will also be found in the urine in such cases 

\ urologic examination by an expert is definitely indicated m any 
cast of persistent or recurrent hematuna tn which the history , physical 
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examination and laboratory results do not dearly indicate the 
cause 

3 Hemoglobinuria "—This is the presence in the urine of hemoglobin unassoci 
ated with red cells While not a sediment this is most conveniently considered at 
this point because it must be differentiated from hematuria Albumin and casts 
are usually associated It is very much less common than hematuria, from which it 
must be sharply distinguished It results whenever extensive hemolysis occurs m 
the circulating blood One per cent of the total hemoglobin, or about 8 grams, 1 
must be liberated within a relatively short period of time in order to produce it 
Hence, if found anemia should be looked for Unless enough alkalies are admin 
istered to make the urine alkaline, the pigment is precipitated in the tubules result 
ing in ohguna with impairment of kidney function and even death from uremia 
The cause* are 

(a) Paroxysmal Hemoglobinuria 3 — The hemoglobinuria m this condition comes 
on after exposure to cold The mechanism is almost certainly the uniting with the 
red cells of an auto and isohemolysin which is present in the blood stream m these 
cases This umon occurs only at low tempeutures The presence of complement 
is necessary for hemolysis but not for this union Attacks may be induced artifi 
dally by immersing the upper or lower extremities m cold water The diagnosis 
should be confirmed by the Donath Landsteiner test Most if not all of these 
patients have syphilis Hence paroxysmal hemoglobinuria is a definite indication 
for a Wassermann (positive in 90 per cent of cases) or Kahn test, and for a careful 
clinical search for evidences of syphilis 

(b) Blackwater Feier — Some cases of malaria usually while under quinine 
therapy, develop an extreme hemoglobinuria from which the name blackwater 
fever is derived The mechanism is disputed but the estivo autumnal parasite 
seems to be responsible for most cases 

(c) Hemolytic serum reactions, such as those following the transfusion of incom 
patible bloods and, in rare instances, introduction of therapeutic serum preparations 
such as those for diphtheria, tetanus, meningococcus meningitis, etc 

(d) Poisoning with Hemolytic Drugs or Toxins — This group includes the 
following 

(r) Bites of most poisonous snakes toads and spiders 
(a) Arsine This is one of the gases used in the war It occurs also as an 
industnal nsk and has as its chief tone effect the production of an extreme hemo 
globmuna 

(3) Poisonous toadstools 

(4) Several plant toxins, such as ncin crotin, robin, etc These rarely cause 
human poisoning Favism, which is characterized by hemoglobinuria fever, jaun 
dice, arid anemia is an allergic reaction to the inhalation of the pollen or the inges 
tion of the bean of a lentil (Vicia fave) used chiefly by Italians and Sicilians 

‘Weir J F Recurring Acute Hemolytic Crisis with Hemoglobinuria Proc Staff 
Meetings Mayo Clinic 8 no (Teb 15) 1933 

*Ottenberg R and Fox CL Jr The Rate of Removal of Hemoglobin from the 
Circulation and Its Renal Threshold m Human Beings Am J Physiol 123 516-52S 
(Aug) 1938 

* Mackenzie G M Paroxysmal Hemoglobinuria Med 8 159-193 (May) 1929 
Witts L J The Paroxysmal Haemoglobinurias Lancet 2 115-120 (July 18) 1936 
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(e) Extensile Superficial Burns — These mav lead to absorption of sufficient 
split protein to produce hemoglobinuria 

(f) Raynaud's Disease — This has been reported to be accompanied by inter 
mittent hemoglobinuria in some instances 

(g) Hemolytic anemias, such as hemolytic icterus Lederer s acute febrile anemia 
Winchel’s epidemic hemoglobinuria of the newborn, pernicious anemia m me 
instances etc 

(h) Exanthemata in the hemorrhagic forms 

(1) Paroxysmal Nocturnal Hemoglobinuria 1 — This is very rare 

4 Methemoglobmuria — This may result from the administration 
of chlorates, nitntes, nitrates, phenylhydrazine, or aniline derivatives 
(especially acetamlid), or, rarely, from nitrite formation by bacterial 
action m the intestine Patients who are receiving sulfanilamide or 
related compounds may become cyanotic, and some’ believe this to be 
due to methemoglobinemia Others 5 believe the color is due to a dye 
formed by the action of ultraviolet light on sulfanilamide A rare 
familial idiopathic form has been described It may be confused with 
hemoglobinuria or sulphemoglobinemia 4 

5 Porphyrinuria (hematoporphy rinuna or hematoporphy ria ) 8 
This is an increased rate of excretion of uroporphyrin or copropor 
phynn, not of hematoporphynn as the common name suggests It 
occurs as a rare congenital anomaly, in pellagra, and, most commonly, 
after the ingestion of lead, barbital, sulphonal, tnonal, tetronal or 
quinine 

6 Pyuria — This is the presence of pus cells or leuhocy tes in the 
urine If inflammation of the genito urinary tract is suspected (smart- 
ing, or frequent urination, unexplained fever with chills, or many pus 
cells in voided urine) and urethritis has been excluded a cathetenzed 
specimen should always be examined All interpretations given 
below are based on the findings in urine obtained by catheter A few 
leuhocy tes w ill, of course, be present in all cases of hematuria and their 
presence in the proportions in which they occur in the blood docs not 
alter the interpretation Pus, not associated with red cells or m 
amounts disproportionate to the number of red cells, is significant of 

1 Dacie J V Israels M C G and \\ ilkinson J 1 Paroxysmal Nocturnal Haemo 
globinuna of the Marchiafava Type Lancet i 479-482 (Feb 26) 1938 

‘Hartmann A F Perley Anne M and Barnett H L Study of Some of the 
Physiological Effects of Sulfanilamide II Methemoglobin Formation and Its Control 
J Clin Investigation 17 699-710 (Nov ) 1938 

‘Ottenberg K and Fox C L Jr Fxplanation for the Cyanosis of SulphamJamide 
Therapy Proc Soc Fxper Ihol &. Med 38 479-481 (May) 1938 

4 Healey J C Sulphemoglobinemia J Lab and Clin Med 18 348 (Jan) *933 
* Mason V R and Tarnham R M Acute Hematoporphyria Arch Int Med 47 
467 (March) 193 1 

Mason V K Courville C and Zukind F Porphyrins in Human Disease Medi 
Cine 12 355-439 (Dec) 1933 
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inflammation in the gemto unnarv tract Its source should be deter 
mined by stripping the urethra and using the three glass test Pus is 
an indication for staining a smear of the sediment of the fresh unne 
with meth>lene blue If the methylene blue stain shows bacteria, a 
Gram’s stain is desirable If no bactena are seen, a specific stain for 
tubercle bacilli should be made on the centrifugated sediment (pages 
507 and 508) If this is also negative, unne or sediment from a unne, 
collected with aseptic technic, should be inoculated into suitable culture 
media and into a guinea pig 

The causes of pyuria are 

(a) Tuberculosis of the Kidney — Pyuna with or without hematuria 
should always arouse suspicion of this condition if cultures and Gram’s 
stain are negative Tubercle bacilli may be discovered in the unne 
by stain, culture, or guinea pig inoculation after concentration by the 
technic given 

(b) Other Infections oj thcGenito urinary Tract 1 — The most common 
are urethntis, cystitis, pyelitis, pyelonephritis, pyonephrosis, or some 
combination of these, but pus may also occur from prostatitis, seminal 
vesiculitis, or the rupture of an abscess into the unnary tract This 
latter is suggested if a large amount of pus is suddenl) passed Any 
of the other causes mentioned may give rise to one to four plus pus 
The amount depends more on the extent and severity of the inflamma 
tion than on the type of infection In all cases the causative organism 
should be demonstrated by stain and culture The gonococcus is the 
most common cause of urethntis, the colon bacillus, of cystitis and 
pyelitis, while streptococci and other p\ogenic organisms are also 
frequent etiologic agents 

(c) Trauma, including that of instrumentation This may produce 
a slight temporary pyuria 

7 Epithelial Cells — These occur id most unne specimens and are of little diag 
nostic value A verv large amount of renal epithelium should suggest mercury or 
bismuth poisoning Epithelium from the vagina must be excluded 

8 Doubly Refracting Lipoid Droplets (identin£pbest with the aid of the polar 
iziug microscope) — These may be either lntrafihlplar or extracellular and are 
characteristic of lipoid nephrosis They are believed to be composed of cholesterol 
esters 

9 Fat Droplets (identified by reddish orange color on staimng with Sudan III) 
These occur in fatty degeneration of the kidney (phosphorus or mercury poison 
mg), in lipemia (excessive ingestion of fat, diabetes mellitus, alcoholism), or as a 
contamination from vaseline or oil used as a catheter lubricant 

* Hepler A B and Scott R T The Significance of Pyuna in Children JAMA 
JOS 499-50* (Aug 17) 193s 
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10 Chyluna — This occurs chiefly in Egypt, India, Brazil, and Japan The 
urine appears milky or, if blood is present also, reddish white It contains protein 
and sometimes, sugar as well as fat Ether extraction partially or completely 
clarifies it The droplets are so fine they can be distinctly seen only with darhfield 
illumination It results from rupture of a lymph vessel into the urinary tract 
and is usually due to filanasis Hence a search for the larvae in the blood is 
indicated if chyluna is detected 

Addis 1 suggests a method of counting casts, red cells, and leukocytes after a 
day's abstinence {Torn fluids, which is of value in research, but is a tune consuming 
procedure and is seldom necessary for clinical purposes An excretion in the 1 2 hour 
test period of over 5 000 casts 500 000 erythrocytes or 1,000 000 leukocytes and 
epithelial cells is definitely abnormal The average normal excretion of these 
elements in the 12 hour period is about 1 000 casts 70,000 erythrocytes and 
300 000 leukocytes and epithelial cells Casts to 100 000 would have the same 
significance as 1 plus and over 4 000 000 the same as 4 plus in table 4 (p 45) 
Erythrocytes to 100 000,000 would have the same significance as 1 plus, and up to 
1,000000000 the same as 2 plus Leukocytes and epithelial cells to 50000,000 
would be interpreted as 1 plus and to 500,000 000 as 2 plus as the terms are used 
in this book An excretion of more th an <0 000 000 pus cells would favor a diagnosis 
of pyelonephritis rather than glomerular nephritis 

11 Crystalline Sediments — These tell us little with these exceptions 

(a) The presence of leuctrt and tyrosm crystals This indicates serious damage 
to the liver They sometimes occur in acute yellow atrophy and phosphorus 
poisoning both extremely rare conditions These cry stals have been reported in 
some cases of so called catarrhal jaundice, a further point in favor of the view that 
this condition 13 really a diffuse hepatitis MiUon’s test will sometimes detect 
tyrosm In excess even when it does not crystallize 

(b) Triple phosphates and ammonium urate Large numbers of these crystals 
in freshly voided unne are found only when it has remained for some time in the 
bladder and undergone ammomacal decomposition This type of decomposition 
is due to organisms which have the property of hy drolyzing urea to ammonia The 
latter not only makes the urine strongly alkaline, thus precipitating the crystals 
mentioned, but also produces chemical irritation of the bladder wall, often amount 
ing to a severe hemorrhagic cystitis Hence when one finds such urine one may 
conclude that the two prerequisites arc present, 1 c , a cause of stasis of unne in the 
bladder such as enlarged prostate, stneture or paralysis of the bladder musculature, 
and infection with an organism capable of producing ammoniacal decomposition 

(c) Cyshn Crystals * — The presence of cystin or cystin crystals in the unne is a 
congenital anomaly of metabolism called cystinuna Demonstration of o stinuna 
is an indication for alkahnization of the unne to prevent the formation of calculi 
or to dissolv e any which may be found 

(d) Other unnary sediments should be recognized but arc of little diagnostic 
significance A cloud of phosphates may produce a unnary turbidity which 
alarms the patient but is not pathologic A heavy sediment of urates or unc 

1 Addis T and Oliver J The Renal Lesion in Bright s Disease Paul B Hocber Inc 
N we \ork tqyi 

‘Lewis II B Cvstinuni A Re view of Some Recent Investigations \a!ej Biol and 
Med 4 437 (Mirth) 193 j 
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acid may give a beginner the impression of gross hematuria but a microscopic study 
will determine the nature of the sediment 

Calcium oxalate crystals are common in normal unne and, when present in 
large numbers, may cause mechanical irritation of the urethra (oxaluna) but are 
not diagnostic of calculus formation as is sometimes stated 

12 Calculi — If these are passed or obtained at operation, they should always 
be examined as to their chemical composition as this information may make pos 
sible a regulation of diet, fluid intake and reaction of urine which will tend to 
prevent further calculus formation It has been suggested, however, that focal 
infection is a more important factor in calculus formation than is the composition 
of the urine Finding calcium phosphate calculi suggests a search for evidence of 
hyperparathyroidism 1 


IV RENAL FUNCTION TESTS 

The normal kidney has enormous reserve power as is evidenced by 
the fact that one kidney* may be completely removed without anv 
demonstrable harm to the individual or impairment of function demon 
strable by the tests in clinical use at the present time Hence, a nor 
mal result by an> of the tests now used does not mean that the kidney 
is undamaged but impairment of renal function as shown by these 
tests, even though slight, does mean that temporarily, at least, a very 
considerable portion of renal substance is not functioning They arc 
of most value in chronic nephritis when the diagnosis is most difficult 
by other methods 

A The Volume and Specific Gravity of the 24 hour urine This 
should always be determined in suspected kidney disease, cardiac 
decompensation, diabetes melhtus, diabetes insipidus, in any patient 
with edema or fluid accumulations in the body cavities, and whenever 
the patient's statement leads one to suspect an alteration in unnarv 
output In most cases, where indicated at all, the record should be 
kept daily until the volume has returned to normal and remained so 
for ten days It is of much more value if a record of the fluid intake 
is kept for the same period Inaccurate collection will vitiate the 
value of the results, hence, the importance of carefully observing the 
precautions given in Part II cannot be overemphasized 

The determination of the specific gravity is usually included in the 
routine urinalysis, but practically no information of value is obtained 
from this determination unless the specimens are collected under con 
ditions of the concentration and dilution test or as accurate 24 hour 

1 Albright F Baird P C Cope O and Bloomberg T sther Studies on the Physiology 
of the Parathyroid Glands IV Renal Complications of Hyperparathyroidism Am 
Med Sea 187 49 (Jan ) 1934 

’Ellis L B and Weiss S The Renal Function in Persons with One Kidney , 
Med Sci 186 241-24S (Aug ) 1933 
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samples In my opinion, this procedure could be eliminated from 
routine urinalyses and done only when specifically indicated 

1 Normal Values — The normal urine \olume is a function of the 
fluid intake and of the amount of loss of fluid either by perspiration 
(visible and invisible) or from the lungs and intestinal tract Hence, 
it is variable in different climates, in races with different drinking 
habits, and even in the same individual under different circumstances 
In the United States, however, 24 hour urine volumes usually fall 
between Soo and 1S00 cc and volumes under 600 cc or over 2000 cc 
should be investigated 

The total solids excreted daily are less variable (for adults about 40 
to 60 grams) than arc the fluid variations As a result the specific 
gravity tends to vary in inverse ratio to alterations m volume both m the 
normal and in most disease conditions The normal range for the 
specific gravity of 24 hour samples in this country is from about 1 008 
to 1 028, with most results between 1 015 and 1 025 

Normal Children — More data on the urinary output of children 
in this country are urgently needed 1 Apparently the variations in 
specific gravity are similar to those in adults, and the urine total solids 
for children 1 to 6 years of age are about one fourth and for children 
6 to 12, about one half the adult values The urine volume for children 
1 to 6 years is 200 to 800 cc and for children 6 to 12 years of age, 400 
to 1000 cc 

2 Physiologic Variations — (a) Increased perspiration from any 
cause This tends to decrease the volume and raise the spectfic 
gravity , hence, in spite of large fluid intake, urine volumes tend to be 
low in persons in the tropics and in those doing hard phy sical labor 

(b) Decreased Perspiration — This is most often due to exposure 
to cold and tends to increase the unne volume and decrease the specific 
gravity 

(c) Drinking and haling Habits — These have a marked influence 
In those countries in which beer and wane are much used, urine out 
puts of less than 2000 cc are uncommon Coffee and tea produce 
a specific diuretic action in addition to the effect of the volume of fluid 
Total solids will vary with the amount and character of the food 
eaten and with the endogenous metabolism 

3 Oliguria — This is a decreased formation of urine which is 
usually deeply colored and of high specific gravity When the forma 
tion is totally suppressed, it called anuria These must not be con 

‘ The figures given in texts are based on old results of German and Russian studies and 
are certainly too high for this country 
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fused with retention of urine, a catheter should always be passed if there 
is any doubt 

The pathologic causes are 

(a) Acute Glomerular Nephritis — Oliguria may be the first symp 
tom noted by the patient Occasionally complete anuna may occur 
This is one point of some value in differentiating it from focal embolic 
nephritis m which the unne volume remains normal As the condition 
improves or as it goes into the subacute stage the volume and specific 
gravity return toward normal If it progresses further to the stage of 
chronic diffuse nephritis, a polyuria develops 

(b) Acute exacerbattons of chronic diffuse nephritis — A reduction 
from the preceding increased volume always occurs and an actual 
oliguria is usual 

(c) Eclampsia and the uremic stage of all types of impairment of 
renal function 

(d) Poisoning — Mercury* lead, bismuth, arsenic, turpentine, or 
canthandes may produce oliguria or anuna 

(e) Hemoglobinuria and melhemoglobinuria 

In the above groups specific diuretics and forcing of fluids are con 
traindicated as renal ability to eliminate fluid is impaired 

(f) Nephrosis and renal amyloidosis — These are constantly associ 
ated v, ith oliguria during the stage when the edema is developing 

(g) The stage of derelopment of edema or accumulations of fluid 
m any of the body cavities — -It is the rule m congestive heart failure, 
severe anemia, pleuritic effusions, or ascites, no matter what the cause 

Groups (f) and (g) constitute specific indications for limitation of 
fluid intake and the use of diuretics 

(h) Deficient ingestion or absorption of fluids from any cause 

(i) Excessive loss of fluids from vomiting, diarrhea, excessive 
perspiration, or severe burns 

0 ) A fall in blood pressure — This occurs in postoperative, traumatic 
or hemorrhagic shock, in Addison's disease, and in moribund patients 

Groups (h), (1), and (j) do not call for treatment with diuretics, but 
constitute specific indications for forcing fluids, subcutaneously or 
intravenously if necessary to secure absorption 

The oliguria occurring in most febrile diseases is due generally to a 
combination of causes mentioned in groups (b), (1), and 0) an d there 
fore should disappear with the institution of proper therapy 

4 Polyuria — -This is an excessive formation of unne, usually of 
pale color and, with the exception of the polyuna of diabetes melhtus, 
oi low specific gravity It should not be confused with frequency of 
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urination as either may occur independently, although they often 
co exist 

The important causes of polyuna are 

(a) Chrome Diffuse Nephritis — In this disease, with the exception 
of the acute exacerbations and the terminal stage, polyuria is constant 
although the \olume is usually less than 3000 cc per day 

(b) Hypertensive Cardiovascular Renal Disease — This gives a similar 
polyuria, most marked at night, as the earliest and most constant 
evidence of renal involvement 

(c) Diabetes Insipidus — This is an uncommon condition due to a 
lesion of the posterior lobe of the pituitary or the adjacent area of the 
brain, in which the urine volume may reach the astounding values of 
3 to 30 liters per day with a specific gravity as low as 1 001 It is 
differentiated from diabetes mellitus by the fact that the unne does not 
contain sugar Desiccated posterior pituitary intranasally 1 causes a 
return to normal volume 

(d) Diabetes Mellttus (see Chapter III) —This is the chief exception 
to the rule of inverse ratio between the volume and specific gravity, 
as the specific gravit> is usually normal or high in spite of the increased 
volume 

(e) During the disappearance oj edema or fluid accumulations in 
the body cavities whether this be spontaneous or the result of therapy 

In the above groups frequency of unnation may or may not occur, 
but is usually less marked than one would expect from the increased 
volume 

(f) Reflex polyuria may result from any irritation in the unnarv 
tract, such as calculi, obstruction, cystitis, pyelitis, tuberculosis, or from 
nervousness or hysteria, but in all of this group frequency of urination 
is more constant and greater in proportion than the increased 
volume 

B Ratio oj the Night to the Day Volume oj Urine — One of the 
first symptoms noted by patients with chronic nephritis or hypertensive 
cardiovascular renal disease is that they have to interrupt their sleep 
to void urine This ratio should be determined as a quantitative check 
if increased night volume is suspected It is better to combine it with 
the modified Mosenthal test (C) 

1 Normals — In adults the normal ratio of the night to day 
volumes is N D 1 2, 3, or 4 In children this test is of little value as 
a ratio of N D 1 11s not uncommon in normals 

* Vidgoff E Posterior Pituitary Therapy in Diabetes Insipidus Endocrinology 16 
*89-292 (May-June) 1932 
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2 Increased night volume giving a ratio of N D i i 5, i o or 
even less is constant enough to be of diagnostic value in chronic diffuse 
nephritis or hypertensive cardiovascular renal disease Other condi 
tions which may also give this result are mentioned below (see C, 2 
and 3) 

C The Modified Mosenthal Test — This has been largely super 
seded by the more sensitive concentration, dilution and urea clearance 
tests The interpretation given here applies only to tests earned out 
by the technic given, which permits the calculation of the N D ratio 
It is of some value in all patients with hypertension who do not have 
edema, marked oliguria, or a blood urea nitrogen of over 50 mg per 
100 cc 

1 Normal Findings — The specific gravity is 1 020 or more in at 
least one sample with a variation of at least nine points between the 
highest and lowest specific gravity The 12 hour sample should meas 
ure 400-600 cc occasionally as high as 750 cc If nitrogen and sodium 
chloride are estimated, the concentrations will vary considerably in 
different samples, and are usually as high as 1 per cent in at least one 
sample The total volume and night to da> ratio will fall within the 
ranges given above (B) 

In children the interpretation is much the same except that the 
maximum variation in specific gravity of 8 points may be normal and 
the total volume and night to day ratio are as given above (A 
and B) 

2 In the chronic forms of impaired function the night \olume 
(12 hour sample) is increased, the specific gravity of the samples 
is lowered (highest not usually over 1 015) and it is fixed, that is, 
there are less than 9 points variation m specific gravity between the 
highest and lowest There is also a fixation in the concentrations of 
sodium chloride and nitrogen and they do not reach 1 per cent in 
any sample This test may, therefore, give one of the earliest clues to 
chronic impairment of renal function such as occurs, constantly in 
chronic diffuse nephritis, and at some stage m most cases of hyperten 
sive cardiovascular renal disease, congenital polycjstic kidnejs, or 
bilateral hydronephrosis (prostatic hypertrophy), pyelonephritis, or 
pyonephrosis 

The following conditions, none of which constitutes an indication 
for doing the test, must, however, he ruled out as they give similar 
results although renal function is not impaired They are p>ehtis 
cystitis, diabetes insipidus, severe anemias, and edema during the 
stage of disappearance 
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3 Other conditions which give abnormal results of a different 
type but do not constitute an indication for doing the test are all 
the causes of oliguria mentioned These produce a fixation of the 
specific gravity at a high level with often an abnormal night to day 
ratio 

D The Concentration and Dilution Tests 1 — These are among 
the most sensitive tests available for detecting slight grades of impair 
ment of renal function of anv type The test is contraindicated in 
severe grades of renal damage as it puts severe strain on the kidneys, 
and should not be done if edema is present as unreliable results are 
secured Its chic! value is in detecting earlv renal damage in hyper 
tensive cardiovascular renal disease and early chronic diffuse nephritis 
and m following the course of these conditions up to the stage of definite 
nitrogen retention After this stage the estimation of blood urea nitro 
gen gives more reliable information with less chance of injury to the 
patient 

1 Normal Values — The specific gravity rises to r 028 to 1 030 
in the concentration test and falls to 1 003 or lower in the dilution 
test The urine collected m the first four hour period of the dilution 
test should amount to 1200 to 1800 cc 

2 In the chronic forms of renal damage the first change that 
occurs is an inability to concentrate while the ability to dilute the urine 
remains quite good this is called hyposthenuria As the impairment 
becomes more severe the ability to dilute is also lost, so that the urine 
has an almost constant specific gravity, varying between 1 009 and 
1 013 onlv, practically the «amc specific gravity it would have if it 
were only a dialysate of the blood plasma This is called isosthenuria 
and indicates severe renal damage 

3 In acute renal damage ability to dilute is first lost and fixation 
at a high level results, if the damage becomes more severe an isosthenuria 
may also result Since other causes of oliguria may give similar findings 
it is of less value in acute cases 

L The Phenolsulphonph thalein Test 5 — This is indicated in any 
case in which the preceding tests are positive or when impaired renal 
function is for any reason suspected 

11 the intravenous technic is used in conjunction with ureteral catheterization 
il may be used to determine the function of one kidney The normal appearance 
time of the drug by the intravenous technic is 3 to 5 minutes with a total escretion 

1 Lebcrmann F Per VVasjervemch aH NierenhinkUonsprflfung Theodor Steinkonff 
Prevlen tpjj 

• Chapman F M and Ibis ted J A The Fractional! henoUulphoorphthakin Test 
In bright s Dilute Am J Med Sa iSft »r,j (Vug) igjj 
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by each kidney of 15 to 25 per cent in the first 15 minutes, 25 to 30 per cent in the 
first 30 minutes, and 30 to 40 per cent in the first hour The totals for the two kid 
neys should, of course, be twice the above values 

The figures given below are for the mixed bladder urine 
1 Normal Results — These are the same for adults and children 


Intramuscular 

Excretion during the first hour 
Excretion during the second hour 
Total excretion for the two hours 

2 Pathologic Results 


(a) Slight impairment total for 2 hours 

(b) Moderate impairment total for 2 hours 

(c) Severe impairment total for 2 hours 


Intravenous Per Cent 
First half hour 40-60 

Second half hour 20-25 
One hour 60-80 


Per Cent 
One hour 30-50 
One hour 10-30 
One hour o-xo 


There is a tendency for the proportions to change, 1 e , proportion- 
ately less dye excreted the first hour and more the second hour, as the 
function decreases The causes of pathologic results are the same as 
those given below for elevation of the blood urea nitrogen, but it is 
slightly more sensitive to mild grades of impaired function and much 
less reliable for determining the seventy of moderate and extreme 
grades of impairment of renal function Low excretion, not due to 
impairment of kidney function, may occur if the test is performed less 
than 5 hours after the administration of magnesium sulphate A total 
excretion of more than 80 per cent suggests impaired liver function, 
since normally the liver excretes part of the dye into the bile 

3 The chief objections to this method are 

(a) That the substance used for the test is not one normally excreted 
by the kidneys 

(b) That it tests the renal function only for the two hour period 


The methods to be discussed next all depend for their value on the 
fact that certain substances increase in concentration m the blood, 
probably due to an inability on the part of the kidney to excrete them 
when the renal function is impaired They are all normally present in 
the blood m definite concentration and are normally excreted by the 
kidneys Since many of them occur m food or are products of its diges 
tion and metabolism, all blood samples for blood chemistry work should 
be taken after a fasting period except tn emergencies (e g , coma, 
eclampsia, etc ) In the morning before breakfast is satisfactory 

F Blood Urea Nitrogen Estimation — This test should be done 
whenever impaired function is suspected The estimation should be 
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repeated at frequent intervals as a check on the progress of the case 
when impaired function has been found 

Advantages of this method are that urea is a substance normally 
excreted by the kidneys and the estimation gives an average of the renal 
function for a period of time It is the first substance to be retained tn 
the blood when renal function is impaired, and the quantity present 
gives a good indication of the amount of impairment, while repeated 
estimations showr the response to treatment Since one sound kidney 
is effective for normal excretion, it will not detect even severe impair 
ment of only one kidney as will the phenolsulphonphthalein test, nor 
will it detect as slight grades of impairment of function as will the urea 
clearance test and the dilution and concentration tests Because of its 
simplicity and dependability and the lack of contraindications to its use, 
it is, in my opinion, the most valuable clinical test of renal function and 
the one to do first 

1 Normals — The figures usually given are 12-15 m 6 urea 
nitrogen* per 100 cc of blood, but lower figures (down to 7 mg) are 
frequently secured Pregnant women are especially apt to give low 
estimations (5 to 12 mg ) Figures for children arc the same as for 
adults In apparently healthy men over 40,* values up to 20 mg are 
reported 

2 Pathologic Results 

Mg Urea Nitrogen 
per 100 Cc 

Mild impairment of renal function 16-29 

Moderate Impairment 30-59 

Severe impairment 60-120 


In uremia-it may go as high as 400 mg but is sometimes as low as 
60-70 mg 

3 Causes of Impaired Renal Function — In these conditions 
elev ation of the blood urea nitrogen decrease in phenolsulphonphthalein 
excretion and diminished urea clearance mav occur 


(a) lhlateral Diffuse ktdnc\ Disease — Casts arc usuallv present in 
the unne in this group 

(1) Acute and subacute glomerular nephritis 

(2) Chronic diffuse nephritis 

(3) Hypertensive cardiovascular renal disease Urea nitrogen 
retention is present onlv in the cases with considerable renal involve 


» Multiplying the nitrogen figure b> 1 15 ennxerts It to mg urea (tome report urea 
in trad of nitrogen of urea ) 

t , ” J r »nd Alms \ S Change* with Age in the Renal function in 

'dull Men J Clearance of Urea II Amount of Urea Nitrogen in the Wood fit 
Concentrating Ability of «he Kidney*. Am J Phywoi nj 500-515 (Aug ) 193S 
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ment, hence rarely occurs early in the disease and may be absent in 
some advanced cases 

(4) Congenital polycystic kidneys 

(s) Pyelonephritis 

(6) Pyonephrosis 

(7) Poisoning with the heav> metals (mercury, lead, bismuth, 
etc ) and with arsenic 

(8) Passive congestion of the kidneys 

(b) Dehydration 1 such as occurs from the following 

(1) Prolonged severe vomiting as in high intestinal obstruction 

(2) Gastric or duodenal fistula 

(3) Severe diarrheas such as cholera 

(4) Severe burns 

(5) Sodium chlonde loss or restriction 

(6) Deficient fluid intake This is common in patients with fever 
or in coma 

It is not certain whether this elevation of the blood urea nitrogen 
in dehydration is a compensatory measure to maintain the osmotic 
pressure of the plasma at the normal level after excessive loss of salts, 
whether it is due to the decreased efficiency of the kidney m the excre 
tion of urea with low unne volume (see Urea Clearance, Section IV), 
or whether it is due to the increased protein catabolism of starvation 
Probably all these factors play a part The prompt return to normal 
renal function after restoration of the fluid and salt content of the 
plasma indicates that there is little real toxic damage to the kidney in 
these conditions 

(c) A marked jail in blood pressure 

(1) Postoperative, traumatic, or hemorrhagic shock Anhjd 
remia is a contributory factor in the impaired renal function of this 
group 

(2) Addison’s Disease 2 The elevation of the blood urea nitrogen 
is roughly proportional to the degree of cortm deficiency This esti 
mation may be used as an index of the response to therapy with cortm, 
sodium salts and low potassium diet 

(3) Monbund patients This includes some cases of diabetic 

coma 

(d) Obstruction tn the Urinary Tract — This causes elevation of urea 
nitrogen only in the severe cases in which the total urinary output is 

* Jeghers H and Bakst H J The Syndrome of Extrarenal Azotemia Ann Int 
Med n 1861-1899 (Apr) 1938 | 

1 Greene C II , Rowntree L G Swingle W W and Pfiffner J J I Metabolic Studies 
in Addison s Disease The Effect of Treatment with the Cortical Hormone of the Suprarenal 
Gland Am J Med Sci 183 x (Jan) 193* 
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decreased Therefore, it is absent even m complete obstruction of just 
one ureter if the other kidney is functioning well Casts are usually 
absent from the urine in this type 
(i) Prostatic enlargement 

^2) Stricture of the urethra or of both ureters as in carcinoma 
of the uterus 

(3) Hemoglobinuria, 1 methemoglobinuna or sulf hemoglobinuria 
When large amounts of hemoglobin or its derivatives are released m the 
blood stream, the> are excreted in the urine If the urine is acid, they 
precipitate in the tubules of the kidney producing obstruction with 
resulting oliguna or anuria, impaired renal function, and sometimes 
death from uremia or acidosis It is important, therefore, that the 
unne be kept alkaline if one of these pigments is detected m the 
urine 

(e) Severe Liver Disease — This includes acute yellow atrophy, 2 
diffuse hepatitis, terminal stages of cirrhosis, Weil’s disease 3 and some 
cases of obstructive jaundice 4 The condition is called bile nephrosis 
by pathologists, but the clinical picture is entirely different from that of 
typical nephrosis The bile salts apparently damage the kidney and 
there ma> be precipitation of bile pigment in the tubules also Jaundice 
is nearly alwajs present In acute jellow atrophy the nonprotein 
nitrogen may be ele\ated out of proportion to the urea nitrogen because 
of failure of the amino acids to be deaminized 

G The Nonprotein Nitrogen Estimation — Some prefer thenon 
protein nitrogen estimation to the blood urea nitrogen, but there are 
more sources of error, it requires more time, and is not so well adapted to 
small laboratories as is the titration method of blood urea nitrogen 
determination The normal results are 25 to 35 mg per 100 cc of 
blood The figures run parallel to the urea estimation although, of 
course, higher, so that little diagnostic information is gained that can 
not be more accurately and easily obtained b> a urea nitrogen estima 
tion The undetermined nitrogen, which is the difference between the 

1 DeGowin E L , O terhagen II F and Andersch Mane Renal Insufficiency from 
Blood Transfusion I Relation to Urinary Acidity Arch Int Med 59 432-444 (Mar) 
*937 

DeGowin t L Warner E D and Randall W L Renal Insufficiency from Blood 
Transfusion II Anatomic Changes in Man Compared with Those in Dogs with Eapen 
mental Hemoglobinuria Arch Int Med 61 609-630 (Apr ) 1938 

■Meyers S G Brines O A and Juliar B The Acutely 111 Jaundiced Patient A 
Report of Twenty One Instances of Hepatic Icterus Se\en of Whom Had High Blood 
Nitrogen Am J Digest Dis &. Nutrition a 346-350 (Aug ) 1935 

’ Glolzer S Weils Disease Report of a Case in a Tish Worker JAMA no 
2143-2145 (Jun* 25) 1938 

♦Elsom k A Renal Tunction in Obstructive Jaundice Arch Int Med 60 1028 
1033 (Dec ) 1937 
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sum of the nitrogen of urea, creatinine, uric acid, amino acids, etc and 
the total non protein nitrogen, is said to be especially increased m 
uremia 

H Urea Clearance Test 1 — This is now recognized as the most 
sensitive and accurate test of renal function It is indicated in all cases 
suspected of having impaired renal function in which accurate collec 
tion of urine samples is possible, but is not necessarj if the simpler 
blood urea nitrogen estimation shows retention of 50 mg or over It is 
not practical in children under four years of age Read pages 382-385 

1 Normals — The average maximum urea clearance (Cm) is 75 cc 
of blood per minute cleared of urea The average standard clearance 
(Cs) is 54 cc of blood per minute cleared of urea Normal values are 
usually reported as percentage of these figures, anything over 75 per 
cent being regarded as strictly normal and an> thing under 50 per cent 
indicating defimtel> impaired renal function 

2 Physiologic Variations — The urea clearance during preg 
nancy is variable, some authors reporting decreased clearance and others 
increased clearance Severe exercise will somewhat depress the urea 
clearance in normal subjects and patients with mild impairment of 
renal function Moderate exertion will depress the function still 
further m patients with severe impairment Administration of vaso 
constricting or vasodilating drugs or other factors influencing the 
rate of blood flow to the kidney may be expected to influence the urea 
clearance 

3 Pathologic Results — The causes of decreased urea clearance 
are the same as those gi\ en for an elevated blood urea nitrogen This 
test, however, detects slighter grades of impairment, since the blood 
urea nitrogen is not consistently elevated until the urea clearance is 
below 20 per cent 

4 Advantages — This test is more sensitive than the blood urea 
nitrogen or phenolsulphonphthalem tests It has no contraindications 
as have the dilution and concentration tests It is not necessary that 
the subject be m a fasting state It has the additional advantage 
of including the blood urea nitrogen estimation as part of the test 

5 Disadvantages — It involves three urea nitrogen estimation 

and a complicated calculation Its accuracy on the accurac 

with which the unne samples are time and measure 

1 Peters J P and Van Slyke D D Quantitative ry Vol I P 

335-369 Williams and Wilkins Baltimore, 19 1 

Bruger M and Mosenthal II O U c of Renal Func 

tiaa 1 Studies of Normal Subjects arbohydrat 

(Dextrose) III Studies of Patients wit 3S* 35^ 

nd 544 (Sept and Oct ) 193 a 
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Catheterization is often necessary to insure complete emptying of the 
bladder 

I Other Clearance Tests —The clearance of many other sub 
stances, including inulin, 1 sucrose and creatinine, have been investi 
gated and are of value onl> in research The) are not necessary in 
clinical medicine The muhn clearance gives the best indication of the 
rate of glomerular filtration as it is apparently not reabsorbed by the 
tubules 

J Blood “ Creatinine ” Estimation — This test is desirable if 
the blood urea nitrogen is found to be above 20 mg The estimation 
is chiefly of value in prognosis and as a check on the urea estimation 
Behre and Benedict 8 report experiments suggesting that actual ere 
atimne is not the substance responsible for the color change in this test 
This fact does not detract from the clinical value of the test 

1 Normals — Figures of 1-25 mg per 100 cc of blood have 
usually been given, but Holbrook and Haskins 4 have shown that the 
upper limit of normals is 1 6 mg An estimation above 2 o mg maj be 
considered as definitely pathologic 

a Pathologic Results — “Creatinine” is more easily excreted 
than urea so that no “creatinine” retention occurs until there is marked 
renal impairment, hence, it is of no value for diagnosis of early nephritis 
A curve of “creatinine” retention is roughly parallel to the curve of 
urea abov e 25 mg of urea nitrogen Therefore, this serv es as a v aluable 
check on the urea estimation, e g , a normal figure for urea nitrogen and 
an estimation of 3 mg of “creatinine” on the same blood would indicate 
an error in one or the other estimation It is also true that a high 
urea with a normal or relativcl) low “ertatmme” estimation generally 
indicates error Its chief value was formerl) thought to be in prognosis 
it being chimed 1 that a “creatinine” level above 5 mg in a patient with 
chronic impaired renal function indicated death within a few months 
However, since a high “creatinine ’ in acute impairment of kidne> 
function docs not necessarily indicate a bad prognosis, and since prac 

•Shannon J A and Smith H V\ The Excretion of Inulin Xylose and Urea by 
Normal and I hlominized Man J Clin Investigation 14 303-401 (Ju!>) 1935 

•Winkler, A \\ and Parra J The Measurement of Glomerular 1 iHration The 
Creatinine Sucrose and Urea Clearances in Subjects with Renal Disease J Clin Investi 
Ration 16 869-877 {Nov ) 1937 

* Ilehre J A and Benedict S K Studies In Creatine and Creatinine Metabolism, 
J Biol Chem 51 1 1-33 (May) 191 j 

Behre Jeanette A and Benedict S R On the Presence of Creatinine in Blood 
J Bio! Chem no »4S-*48 (June) 193c 

‘Holbrook V\ P and Haskins H D Blood Unc Acid In Nephritis J Eab and Clin 
Med n 10-18 (Oct) 1916 

•Myers V C and Killian J A The PrognosUc \alue of the Creatinine of the Blood 
la Nephritis Am J Med Sc ijy 674-695 (May) 1919 
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tically all patients with chronic diffuse nephritis die of the disease within 
a few months to a few years, its value in prognosis is not as great as was 
originally thought 

Causes of a high blood “creatinine” are the same as those listed for 
urea retention, but “creatinine” retention occurs only after a consider 
able rise in the urea nitrogen has occurred 

K Other tests used in cases of impaired renal function 

i Valuable tests to be discussed in more detail in other chapters 

(a) The Alkali Reserve Estimation — Acidosis due to retention 
of normally formed acids, such as acid phosphate (NaHjPO<), and to 
loss of base is frequently present in the advanced stages of the types of 
disease in which there is nitrogen retention, and if such patients are 
given alkalis or put on a basic diet an alkalosis frequently develops 
Alkali reserve estimations should be done at frequent intervals on all 
Patients with a blood urea nitrogen of over 20 mg The diet (p 75) and 
alkali intake can then be so regulated as to keep the alkalt resene normal 
In mv experience this is an extremely valuable, sometimes eicn a life-saving , 
point which has not been generally recognized Alkalis or acids should 
never be given to patients with impaired renal function unless the 
alkali reserve is frequently determined as a check on the dosage The 
reaction of the urine is not a safe guide in such cases 

(b) Hemoglobin and Red Cell Count — Anemia 1 with normal color, 
volume and saturation indexes is associated with acute, subacute and 
chronic glomerular nephritis This seems to be of definite value in 
differentiating them from the other types of kidnej disease in which 
the hemoglobin is little, if at all, reduced Anemia may also occur in 
focal embolic nephritis and very late in those few cases of hypertensive 
cardiovascular renal disease (type E) in which kidney function is 
greatly impaired (urea nitrogen over 50 mg ) 

(c) The Blood Chloride Estimation 2 — This estimation is indicated 
when any of the causes of dehjdration listed under blood urea are 
present Normal values for chloride expressed as sodium chloride in 
whole blood are 350 to 550 mg per 100 cc and in plasma are 570 to 
620 mg per 100 cc The higher values for plasma are due to the lower 
chloride content of the red cells This must be taken into account in 
interpreting reports of whole blood chlorides because anemia alone will 

1 Brown G E and Roth G M The Prognostic Value of Anemia in Chronic Glotner 
ular Nephritis JAMA 81 1948-19 so (Dec 8)1023 

Osgood F E Haskins H D and Trotman F E The Value of Accurately Deter 
mined Color Volume and Saturation Indexes in Anemia J Lab and Clin Med 27 859 
(June) 1932 

* Peters J P and Van Slvke D D Quantitative Clinical Chemistry Vol I pp 
1019-1089 Williams and Wilkins Co Baltimore 1931 
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lead to a higher proportion of plasma and thus to a higher blood chlonde 
level On the other hand, the plasma chlonde level changes so rapidly 
(see Chapter III) after blood is withdrawn, unless precautions are taken 
to prevent loss of carbon dioxide that the whole blood chlonde estima 
tion is more reliable than the plasma chloride Impaired hidne> func 
tion in itself does not lead to chloride retention 1 A low blood chlonde 
level mi), however, lead to anhvdremia and impaired hidne> function 
so that salt restriction m patients with impaired kidne> function is not 
desirable unless necessary for the control of edema 

(d) Blood Phosphate and Calcium Determinations — The blood 
phosphate level is elevated and the blood calcium level is depressed in 
the more severe grades of impaired renal function, but these tests are 
not neccssarj for diagnosis except in the rare condition known as renal 
rickets 5 This disease, simulating rickets develops in patients who 
survive man> jears with impairment of renal function sufficient to 
produce an elevated phosphate and depressed calcium level and to 
interfere with ossification 

(c) Protein Content of Effusions —If ascitic or pleural fluid develops, 
as is common in nephrosis and in some cases of acute glomerular 
nephritis, the fluid should be examined A protein content of less than 
xo gm per liter strongl> favors a diagnosis of true nephrosis In 
glomerular nephritis the fluid usually contains 20 to 30 gm per liter 
2 Tests Which Are Only Occasionally Indicated 
(a) Plasma or Serum Proteins and the Albumin-Globulin Ratio This 
is part of the thorough stud) of edema or of nephrosis, but is rare!) 
necessar) to establish the diagnosis It is vitall) important however, 
to understand the changes in plasma proteins which frcqucntl) occur in 
disease m order to plan proper therap) A low serum protein ma) 
result not onl) in edema but also m impaired healing of wounds, in 
rouleaux formation of the red cells and in pseudo agglutination 
Mtcrations in scrum proteins arc chief!) responsible for the changes in 
the sedimentation rate In general the lower the albumin and the 
higher the globulin and fibrinogen the more rapid is the sedimentation 


‘Holbrook \\ V and Haskins H D Dlood Uric Acid J Lab and Clin Med n 
3<? (J*n ) 1916 

* See reference 1 nape 34 

I^ndu 1 M flsom K A Holt I \ and Shiels 1 Observations on Sodium 
Chi mde Restriction and Urea Clearance in Renal Insufficiency J Clin Investigation 14 
5*S-54i (Sept ) 19 

M-ditrmal I enat Rickets J \ 'I V 11 1 356 (July 16) 103^ 

Meters J I andVanSlyke I) I> Quantitative Clinical Chemistry Vo! I nn 
653 *4 Williams and Wilkms Co Baltimore iqji 

Hand II H Concentration of Serum I rotein In IJiilcrtnl Types of Edema Arch 
Int Vied J4 i«3 (Aug) 1934 
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rate A sedimentation rate of zero or over 100 mm in 15 minutes, 
therefore, constitutes an indication for a plasma protein determination 
The chief factors affecting the level of the plasma proteins are 
nephrosis, liver disease, a deficient protein intake, an excessive loss of 
protein in the urine or into transudates or exudates, anhvdremia, and, 
rarely, the presence of Bence-Jones protein in the blood Edema is 
usually present when the total protein falls below 5 5 gm per 100 cc or 
the albumin fraction falls below 2 5 gm per 100 cc The specific 
gravity 1 * * * of the plasma offers a simple means of determining whether the 
plasma proteins are below this level When the specific gravity is 
below 1 0235, edema is usually present 

(1) Normals 2 — Normal values for fibrin (spontaneously coagulable 
fraction, “fibnnogen”) are o 20 to o 40 gm per 100 cc of plasma, or 
3 to 6 per cent of the total protein, for globulin (fraction precipitated by 
half saturation with ammonium sulphate), 1 o to 3 o gm per 100 cc , 
or 15 to 35 per cent of the total protein, and for albumin, 4 o to 5 8 gm 
per 100 cc of plasma or 60 to 80 per cent of the total protein The total 
protein varies normally from 6 o to 8 o gm per 100 cc The albumin 
globulin ratio varies from 2 o to 5 o Figures usually given as normal 
in most texts differ from these but are apparentl) based on studies of an 
inadequate number of questionable normals 

(2) Pathologic Results — Hjperproteinemia 5 — The total protein is 
over 8 gm , the globulin fraction is increased above 3 gm , and the 
albumin fraction is usually under 4 gm This change is associated with 
an extremely rapid sedimentation rate and often with grossly visible 
pseudo agglutination of the red corpuscles Hyperprotememia occurs 
in anhydremia, in multiple myeloma, in lymphogranuloma inguinale, 
m the sarcoid of Boeck, in leprosy, m kala-azar, and schistosomiasis 
In multiple myeloma the fraction determined as globulin is sometimes, 
but not usually, Bence Jones protein A precipitate in serum heated to 
56° C , as for inactivation of complement in the Wassermann test, sug 
gests the presence of Bence-Jones protein The albumin globulin ratio 
is often reversed, that is below one, in this group 

Hypoproteinemia — The total protein is less than 6 gm per 100 cc 
the albumin fraction is very low, the globulin and fibrinogen fractions 

1 Page, I II and Van Slyke D D A Simple Test for Plasma Protein Contents Below 
the Edema Producing Level J A M A 99 1344 (Oct 13) 193* 

1 These figures are based on a study of about 80 normals and many pathologic bloods 
made in my laboratory by the method given m Part II 

Harris L and Osgood S B Plasma Proteins in Health and Disease Comparison 
with the Sedimentation Rate To be pubbshed 

* Jeghers H and Selesnick S Hyperprotememia Its Significance Internat Clin 3 

348-179 (Sept ) 1937 
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may be normal or increased, the albumin globulin ratio is always 
reversed, and the sedimentation rate is extremely rapid Increased 
fibrinogen is called hypennosis Hypoproteinemia occurs in its most 
marked degree in true nephrosis It may occur also in nutritional 
edema from protein starvation, in glomerular nephritis when the loss of 
protein in the urine has not been replaced b> adequate protein intake, 
in amyloidosis, and in severe liver disease 1 Hypoproteinemia may 
occur also in patients with peptic ulcer or other diseases of the gastro- 
intestinal tract who have been placed on a diet too low in protein or who 
have lost much blood protein through hemorrhage An operation on 
such patients before the protein deficiency has been corrected may lead 
to poor wound healing * 

A reversal of the albumin globulin ratio with increased fibrinogen 
but normal total protein — In this group the chief deviation from normal 
is an albumin under 4 gm per 100 cc The globulin and fibrinogen 
fractions tend to be increased This picture may occur in the early 
stages of all of the conditions listed above as causing hyperproteinemia 
or hypoproteinemia and, in addition, in all the conditions given as 
causes of an increased sedimentation rate, the most important of which 
are infections, malignant tumors, and pregnancy 

Hypoinosis — This ts marked diminution or complete absence of 
fibnnogen with normal total protein and relative proportions of albumin- 
globulin This occurs as an extremely rare congenital anomaly (see 
Hemorrhagic Diseases in the indexes), and in extensive diffuse liver 
damage (acute yellow atrophy, phosphorus or chloroform poisoning) 
In this group the sedimentation rate is often low or zero In severe 
liver disease there may be low albumin favoring rapid sedimentation 
rate, or low fibnnogen favoring slow sedimentation rate 

(b) Unc Acid Estimation — This method was at one time thought to be the most 
valuable of any in the diagnosis of early chronic nephritis because it was claimed 
that unc acid was the first nitrogenous substance to increase in the blood in renal 
disease Holbrook and Haskins 1 have proved that these claims are false Of 
87 nephntics tested not one of 26 cases showing urea retention of 16-24 mg had 
any uric acid retention and many with much higher urea figures also failed to show 
increase of unc acid in the blood Of the total 87 cases, 80 per cent showed urea 

l Tumen II and Bockus HL The Clinical Significance of Scrum Proteins n Hepatic 
Diseases Compared with Other Liver Function Tests Am J M Sc 103 788-800 (June) 
*937 

,, 1 Thompson W D Ravdin I S and Trank 1 I Flfect of Hypoproteinemia on 
Wound Disruption Arch Surg 36 300-508 (Mar) 1938 

Thompson W D Ravdrn I S Rhoads J E and F rank I L Use of Lyophile 
nasma in Correction of Hypoproteinemia and Prevention of Wound Disruption Arch 
Sorg 36 jo^-jrS (Mar ) 1938 

(I ) ‘brook \V P and Haskins H D Blood Unc Acid J Lab andChn Med n 377 
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retention, 60 per cent, “creatinine” retention, and only 30 per cent showed unc 
acid retention In this 30 per cent there was very little correlation between the 
amount of unc acid retained and the clinical condition of the patient The estima 
tion may prove of some value m other conditions than nephntis, such as gout I 
have discarded this test entirely in nephntis 

(1) Normals — These are usually given as 1-4 mg per 100 cc of blood Hoi 
brook and Haskins 1 found vanations of 1 5 to 3 7 mg in 55 normal individuals, with 
an average of 2 4 mg 

(2) Pathologic Results — Anything over 4 mg may be considered definitely 
abnormal 

Causes of uric acid retention are so numerous that it is doubtful if the test is of 
any diagnostic value except m gout They are 

(a) Conditions in which there is increased production from destroyed nuclei 
such as m leukemias, resolving pneumonia, tuberculosis, etc 

(b) Conditions m which there is deficient excretion such as nephntis gout, 
eclampsia 

(c) Starvation pernicious vomiting, and other causes of ketosis 

(d) Skin diseases especially eczema 

(e) Severe anemias such as pernicious anemia 

(f) Poisons of various kinds (carbon monoxide, wood alcohol) 

(g) Cholecystitis 

(c) The Congo Red Test 1 — This is of value in the diagnosis of amyloidosis and 
nephrosis 

(1) Normals Less than 40 per cent of the dye disappears from the blood 
plasma in one hour 

(2) Pathologic Results A disappearance of ov er 60 per cent occurs only in am> 1 
oidosis, and is due to adsorption of the dye by amyloid deposits A disappearance 
of 40-60 per cent may be due either to amyloidosis or to a true nephrosis The 
appearance of visible dye in the urine favors a diagnosis of nephrosis Since 
small amounts of amyloid may not decrease the amount of dye by more than 40 per 
cent in one hour, a normal result does not exclude amyloidosis 

(d) The Blood Cholesterol Estimation — This may be done as part of the complete 
study of a case of nephrosis thyroid disease or diabetes mellitus, but these diag 
noses are usually readily established by simpler procedures Normal values ange 
from 100 to 230 mg per 100 cc of blood High values up to 500 mg are fouad in 
nephrosis constantly and in many cases of diabetes melbtus, but as they may also 
occur in hypothyroidism, pregnancy nephntis tuberculosis cholelithiasis, and 
numerous other conditions their differential diagnostic value is not great Very 
high results up to 3600 mg , have been reported in diabetic hperaia A high esti 
mation is an unfavorable prognostic sign in diabetes melhtus * The lesions of 
xanthomatosis contain a great excess of cholesterol, although the blood cholesterol 
is not usually high in this condition * 


1 Holbrook W P and Haskins H D Blood Unc Acid J Lab and Clin Med xi 
377 (J a n ) ' 9*6 

* Barker N W and Snell A M The Congo Red Test with Special Reference to 
Excretion of the Dye in the Urine J Lab and Clin Med 26 262 (Dec ) 1930 

Lipstein S An Evaluation of the Congo Red Test for Amyloidosis A Correlation of 
the Autopsy Findings and Dye Absorption in 12 5 Cases Am J M Sc 195 205-211 
(Feb ) 1938 

* Rabmowitch I M The Cholesterol Content of the Blood Plasma in Diabetes 
Mellitus Arch Int. Med 43 363-375 (March) 929 

* Lichty, D E Lipoids andLipoid Diseases II Xanthomatosis (SchQUer Chnstian s 
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VI GRADES OF IMPAIRMENT OF RENAL FUNCTION 
It is important not only to detect the presence of renal impairment, 
but also to know its degree, especially in chronic cases 


Table 3 — Grades or Impairment or Renal Function 



Urea 

clearance 

% 


"Creati 
nine " mg 

Phthalem (2 hrs ) 

Slight 1 

20 to $0 

7 to is 

1 0 to 1 6 

60 to 80 per cent 

Mild 

15 to 20 

16 to 30 

1 0 to 2 0 

30 to 50 per cent 

Moderate 

10 to is 

30 to 60 

2 0 to 3 s 

10 to 30 per cent 

Severe 

5 to 10 

60 to 120 

3 5 to s 0 

Trace to 10 per cent 

Uremia 

Less than 5 

X20 tO 400 

S 0 or over 

0 to trace 


1 These terms are simply comparative among the grades of impairment detectable by chemical 
means Extensive diffuse renal damage is of course necessary to produce even the mildest detectable 
change Still milder grades of renal damage will show normal values by these tests but will show 
Changes by the dilution and concentration test 

VII CLASSIFICATION AND DIFFERENTIAL DIAGNOSIS OF THE GROUP 
OF DISEASES FORMERLY CALLED NEPHRITIS OR BRIGHT'S DISEASE 

The accompanying table gives a working classification and differ 
ential diagnosis of Bright’s disease This classification was devised by 
the author and W P Holbrook in 1925 Since that time it has been 
tested by thorough study of several hundred cases in this clinic and 
others Using these criteria, medical students soon learn to predict 
the clinical course and the pathology to be found at necropsy in a high 
percentage of cases Our indebtedness to Volhard and Fahr, Bell and 
Clawson, Kollert, Mosenthal, Christian, Addis, Keith, Epstein, and 
other distinguished students of the subject is obvious See table 4 

Letters have been used to designate the different types for two 
reasons first, because in the hterature the names have often been used 
so loosely that they are meaningless, and second, because some of these 
names suggest a knowledge of the pathology of these diseases that we 
actually do not have Even the term nephritis is probably not cor 
rectly applicable to all of these groups, for it implies an inflammation of 
the kidney which has certainly not been proved to be present in types A 
and E Under the heading of synonyms have been grouped the names 
used in the hterature for the syndrome The preferred names have been 
indicated by capitals The term interstitial nephritis was formerly 
applied to most cases of Type D and those cases of Type E which showed 
impairment of renal function It does not appear in table 4 because it is 
now obsolete except for a rare form of acute nephritis associated with 






Table a — Classification and Differential Diagnosis of Bright’s Disease 
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scarlet fever The poor term nephrosis is retained because no better 
term has yet been proposed Nephrosis may prove not to be a disease 
of the kidney If the physiologists are right, and good evidence sup 
ports their views, a degeneration of renal tubules, which the term 
nephrosis implies, should result in the formation of a very large volume 
of urine of low specific gravity containing dextrose Actually an 
almost opposite result occurs 

A Nephrosis 1 (Type A) — This is a rare disease of joung indi 
viduals characterized bj diffuse edema, hypoprotcinemia, reversal 
of the albumin-globulin ratio, albuminuria, and casts Some 2 believe 
that nephrosis is merely a form of acute glomerular nephritis (Type B) 
in which glomerular permeability to protein is increased without 
sufficient damage to result m impaired renal function Others , 3 with 
whom I agree, believe there is a separate entity to which the term 
nephrosis should be limited in which the etiology is probably a disturb 
ance of the formation of the plasma proteins and not a primary disease 
of the kidney It is differentiated from acute and subacute glomerular 
nephritis by the absence of anemia, hematuria, hypertension, and 
impaired renal function It corresponds to the “lipoid nephrosis” 
of Epstein, but does not include the febrile albuminurias associated 
with acute infections (pathology parenchymatous degeneration or 
cloud} swelling), nor the kidney of amyloid disease, nor poisoning with 
the heavy metals, nor the kidney of obstructive jaundice, all of which 
are classed as nephroses by many pathologists These conditions 
should be recognized and diagnosed as distinct entities 

B Acute and Subacute Glomerular Nephritis 4 (Type B) — 
This is differentiated from nephrosis by the presence of hypertension, 
impaired renal function, anemia, and hematuria It is the common 
acute or subacute glomerular nephritis associated with hemolytic 
streptococcus infections such as scarlet fever, sinusitis, and tonsillitis 
Most of these patients recover completely, a few die in uremia, and a 
few go on to the chronic stage (Type D) Oliguria is present m the 
acute stage, but the unne volume increases and the specific gravity 
decreases as it passes into the subacute stage Glomerular nephritis 


1 Lei ter L Nephrosis Medicine io 135-242 (May) 1931 
Shapiro P F Lipoid Nephrosis Pathology Genesis and Relation to Amyloidosis 
Arch Int Med 46 137-160 (July) 1930 

* Fahr, G What is Lipemic Nephrosis? Am J M Sc 194 449-463 (Oct ) *937 

* Murphy F D Warfield L M Grill J and Anms E R Lipoid Nephrosis Study 

of Nine Patients with Special Reference to Those Observed o\er a Long Period Arch 
Int i^, ed 3S5-376 (Sept ) >938 , „ , 

‘Murphy, F D and Rastetter J W Acute Glomerulonephritis with Special 
Reference to the Course and Prognosis Study of 150 Cases J A M A in 668-674 
(Aug 20) 1938 
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must be differentiated from poisoning with the heavy metals by the 
history and physical findings since the laboratory findings are identical 
It is differentiated from focal embolic nephritis by the presence of 
hypertension and impaired renal function 

Those cases of glomerular nephritis with diffuse edema as the most 
prominent sjmptom may at times be difficult to differentiate from 
nephrosis The presence of any one of the following favors a diagnos s 
of true glomerular nephritis hypertension, anemia, hematuria, or 
impaired renal function Sometimes the two syndromes may be 
indistinguishable except at necropsy This syndrome is spoken of 
as acute glomerular nephntis with nephrotic syndrome It results 
from deficient protein intake to compensate for the protein lost in 
the urine 

C Focal Embolic Nephritis (T>pe C) — This is characterized by 
the presence of albumin, casts and red blood cells m the urine without 
alterations in volume or specific gravity It is differentiated from acute 
or subacute glomerular nephntis by the absence of hypertension, 
impaired renal function, and diffuse edema The patchy lesions in the 
kidney do not destroy enough renal tissue to encroach seriously on the 
enormous reserve that nature has provided, but are sufficient to give rise 
to albumin, casts and red cells in the unne If the micro organism 
present happens to produce a soluble toxin involving all the glomeruli 
(which not infrequently occurs') , the clinical picture of chronic diffuse 
nephritis results and at post mortem a kidney showing the lesions 
characteristic of both focal embolic nephritis and chronic diffuse 
nephntis is found This combination must alwajs be suspected when 
the clinical picture of chronic diffuse nephritis occurs in subacute 
bacterial endocarditis 1 

D Chronic Diffuse ( Glomerular ) Nephritis (Type D) — This 
is occasionally a sequel to acute or subacute glomerular nephntis but 
more often develops gradually without any acute phase Acute and 
subacute exacerbations frequentl> occur in this tj pe with a temporary 
return to a laboratory picture approaching that of acute glomerular 
nephntis This is characterized by albuminuna hematuria, impaired 
renal function, anemia, and h>pcrtcnsion with or without edema It is 
differentiated from acute or subacute glomerular nephritis by the longer 
histor), the pol>una, and by the cardiac enlargement indicating a 
prolonged hj pcrtcnsion It is differentiated from those cases of h\per 
tensne cardio\ascular disease with impaired renal function by the 

1 Rcll I T Clomerular Lesion* Associated with Tndocarditis Am J Rath 8 6io~ 

<&* (Nov ) 1931 
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presence of hematuria and anemia All patients with this disease die 
within a few years, usually with true uremia 

E Hypertensive Cardiovascular .Disease 1 (Type E) — This 
is the form giving rise to the greatest confusion Patients with this 
condition seldom consult a physician before they are 40 years of age, 
but often, if routinely examined, they show' marked hypertension much 
earlier (at this stage the condition is often called essential hypertension 
or hyperpiesis) Next, they develop a night polyuria and, still later, 
definite evidence of cardiac, renal and cerebral damage In about 
60 per cent of these patients cardiac involvement is the major cause of 
death, the next most frequent cause of death is cerebral hemorrhage or 
thrombosis, while in only 20 per cent is renal function severely impaired, 
and in only 8 per cent is uremia the chief cause of death Yet, at some 
time in almost every case, evidence of some involvement of all three 
systems may be found The rarity of anemia, the slower progression, 
the greater age of the patient, and the absence of red cells in the urine 
are the chief points which aid in differentiating it from chronic diffuse 
nephritis In the cases which develop marked nitrogen retention, 
“cottonwool” exudates and edema of the disk are added to the changes 
xn the retinal vessels The terms malignant and benign hypertension 
may be misleading unless it is remembered that they are merely sub 
divisions of this one disease Since at least two sets of entirely different 
criteria (Keith and Wagener, Volhard and Fahr) for the “malignant” 
group have already been proposed, since many cases starting as the 
benign form later become malignant, since Goldblatt has shown that 
either form can be produced experimentally according to the degree of 
renal ischemia, and since most other disease processes could similarly 
be divided from a prognostic standpoint into benign and malignant 
groups it seems wiser to the author to discard the terms benign and 
mabgnant in this disease and to evaluate the prognosis of each case 
individually, making full use, howe\er, of the undoubtedly valuable 
prognostic cntena proposed for the malignant group The diffuse 
artenolosclerosis with uniformly contracted kidneys characteristic of 
hypertensive cardiovascular disease must be differentiated from the 
patchy lesions of senile atherosclerosis which result in a nodular kidney 
without producing hypertension or evidence of impaired renal function, 
for both conditions lead to the appearance of urinary casts and 1 to 3 
plus albuminuria in the urine Confusion has been caused by the 
discussion in the literature of both the atherosclerotic kidney and that of 

1 Scott R W Hypertension a Century after Bnght J A M A nt 24<So-*4&3 
(Dec 31) 1038 
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hypertensive cardiovascular disease under the one designation of 
arteriosclerotic kidney 

Hypertensive cardiovascular disease must also be differentiated from 
basophil adenoma of the pituitary , adrenal tumors, and coarctation of 
the aorta which may also give hypertension with slight albuminuria 
without impairment of kidney function The differential diagnosis 
must be made by the history and phy sical findings 


VIII DIFFERENTIAL DIAGNOSIS OF DISEASES 1 WHICH MAY 
BE CONFUSED WITH THE PRECEDING GROUP 

A Congenital Polycystic Kidneys — This condition is rare The 
findings are similar to those of chronic diffuse nephritis, but the case 
runs a longer course with a tendency to occasional gross hemorrhages 
Nodular bilateral tumors may often be palpated in the kidney region, 
and pyelograms show a characteristic shape of the kidney pelvis 

B Hydronephrosis — Impaired kidney function is not detectable 
except bv ureteral catheterization unless the obstruction is bilateral 
Strictures of the urethra, prostatic hypertrophy, carcinoma of the uterus, 
and paralysis of the bladder are among the more common causes A 
complete history and urologic and physical examinations are necessary 
to establish the diagnosis Hypertension may occur so it must be 
differentiated from both chronic glomerular nephntis and hypertensive 
cardiovascular disease The absence of casts together with a “creat- 
inine” that is low in proportion to the blood urea nitrogen, are points in 
favor of this diagnosis Operation should be delayed until renal func- 
tion is improved to such an extent that the blood urea nitrogen is less 
than 30 mg Pyonephrosis is an occasional complication and adds the 
findings of pain over the kidneys, fever and chills, and pus in clumps in 
the unne 

C Cystitis and Pyelitis 2 — Pus, bactena, mucus, and occasionally 
blood and albumin may be found in the unne No impairment of 
renal function occurs The unne is sometimes alkaline The causa 
tive organism should be identified by stain and culture of the sediment 
from unne collected with aseptic precautions The pH of properly col 
lected 24 hour specimens of unne should be tested if mandelic acid or 


‘Scholl A J Urologic Conditions Simulating Chrome Glomerulonephritis T A 
M A xir 1421-1427 (Oct 15) 1938 

Urquhart R 11 I and McCollum J L The Urea Clearance Test Compared with 
Other Renal Function Tests in Urdogy Canad M A J 33 251-257 (Sept ) 1935 

Hdmholz H * and Osterberg A E Rate of Excretion and Bactericidal Power of 
Mandelic Acid in the Unne JAMA 107 1794-1796 (Nov 28) 1936 

Ilelmhotz H F Unnary Infections w Infancy and Childhood Diagnosis and 
4 "• 171^-1722 (Nov 5) 1938 
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alkalies are used in therapy If sulfanilamide is used in treatment, 
ideally, quantitative determination of the sulfanilamide level should be 
made to be sure that the concentration of the drug in the urine is above 
50 mg per 100 cc 

D Pyelonephritis 1 — This gives the findings of a pyelitis with 
evidences of impaired renal function in addition It frequently results 
in true uremia, but the fever and chills, and the finding of a cause, 
such as obstruction in the urinary tract, differentiate it from chronic 
diffuse nephritis It is a common cause of death in patients with pro 
static hypertrophy, carcinoma of the uterus, tabes dorsalis, multiple 
sclerosis or other causes of obstruction in the urinary tract or paralysis 
of the bladder Some cases of chronic pyelonephritis may be confused 
with hypertensive cardiovascular disease, but the presence of pyuna 
and anemia and positive cultures on urine obtained by catheter with 
aseptic precautions should make the diagnosis 

E Tuberculosis of the Kidney — Hematuna and pyuria are pres 
ent with impaired function of the involved kidney m the more severe 
cases Tubercle bacilli may often be demonstrated by the Ziehl 
Neelsen stain on a smear made by the concentration technic, by culture 
or by guinea pig inoculation with this sediment 

F Tumors of the Kidney — Hematuna is usually present Func 
tion is not impaired Pyelograms are indicated 

G Anhydremia — This occurs particularly m prolonged severe 
vomiting (high intestinal obstruction, pernicious vomiting of pregnancy, 
etc) gastric or duodenal fistula, severe burns, profuse perspiration, or 
severe diarrhea (cholera, etc) The syndrome consists of a low 
blood chloride level due to loss of hydrochloric acid from the stomach 
or chlonde from the bowel or skin, with alterations in the alkali reserve 
figure and, in the more severe cases, a retention of nitrogenous sub 
stances in the blood Obguna and albuminuria are usually present, 
also The alkali reserve figure is usually high, due to loss of hydro 
chloric acid, but may be brought to normal or lower by a ketosis due to 
lack of carbohydrate absorption 

H Eclampsia — This occurs in the last months of pregnancy, 
during labor, or m the puerpenum It is characterized by hyper- 
tension, coma, convulsions, oliguna, 3+ to 4+ albuminuria, 3+ to 
4+ casts and usually, also, hematuna Little if any nitrogen retention 
occurs Ammonia is much increased in the unne The low blood urea 

1 Longcope, W T Chrome Bilateral Pyelonephritis Its Origin and Its Association 
with Hypertension Ann Int Med it 149-163 (July) 1937 
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nitrogen (below 30 mg ) and the normal “creatinine” estimation differ- 
entiate it from uremia 

I Amyloidosis of the Kidney 1 — -This gives rise to laboratory and 
dime'll findings similar to those of nephrosis, but m addition, the congo 
red test is positive, the liver and spleen are usually enlarged and one is 
able, as a rule, to find the cause for the amyloidosis such as tuberculosis, 
osteomy ehtis, or chronic infection In the terminal stages of some cases 
of amyloidosis, moderate impaired renal function occurs without 
hypertension 

J Poisoning — -Mercury, lead* or bismuth poisoning results in 
oliguria or anuria, hypertension and impaired kidney function with 
albumin, casts, blood and epithelium in such urine as is voided The 
picture is differentiated from acute glomerular nephritis by the history 
of taking the drug, the presence of a stomatitis often with a dark line 
near the gums, and chemical tests for these poisons in the stomach 
contents or urine Severe gastroenteritis with diarrhea and blood and 
mucus in the stools is a usual accompaniment 

Arsenical poisoning may result in a similar picture or may give 
nse to exfoliative dermatitis, agranulocytosis, aplastic anemia, purpura 
hemorrhagica, polyneuritis, or hemorrhagic encephalitis The par 
ticular form of arsenical poisoning depends on individual idiosyncrasy 
more than on the dose It must be recognized by the history and bv 
tests for arsenic in the urine 

Cantbandes poisoning is rare, but results in gross hematuria with 
oliguria and, often, anuria There is frequency and urinary tenesmus 
Impaired kidney function is the rule 

Gastnc lavage, administration of specific antidotes, forcing of 
fluids while preventing cerebral edema by use of a back rest and hyper 
tonic solution, and maintaining the alkali reserve within normal limits 
will often lead to recovery m these conditions, even though complete 
anuria lasts many days 

K Hemoglobinuria, Methemoglobinuna, and Sulphemoglo- 
binuna — If the urine is not kept alkaline, hemoglobin or its derivatives 
precipitate m the tubules, producing ohguna or anuria with hyper 
tension, impaired renal function, and often, death in uremia The 


1 Shapiro P F Lipoid Nephrosis Pathology Genesis and Relation to Amyloidosis 
Arch Int Med 46 137-160 Only) 1930 

Alt now H C Van Winkle Charlotte C Maty H W and Williams L E Renal 
Amyloidosis Clinical Course and Pathologic Lesions in Sixteen Cases Arch Int Med. 
56 944-975 (Nov ) 1935 

* Smith F L and Rathmell T K and Marcd G E The Early Diagnosis of Acute 
and Latent Plumbista Am J Clin Path 8 471-514 (Sept ) 1938 



52 


LABORATORY DIAGNOSIS 


identification of the compound tn the urine and the history of the cause 
differentiate these conditions from acute glomerular nephritis 

IX TYPES OF UREMIA 

A True Uremia 1 — This is characterized clinically by headache, 
stupor increasing gradually to coma, and frequently by a pericarditis 
and colitis Convulsions may or may not occur There is always a 
very high urea nitrogen (over 60 mg) It occurs m chronic diffuse 
nephritis as a rule, in subacute glomerular nephritis frequently, and 
in acute glomerular nephritis and hypertensive cardiovascular renal 
disease occasionally It is a common termination of hydronephrosis 
and pyelonephritis 

B Acute Cerebral Edema — This is sometimes called eclamptic 
uremia because of the characteristic convulsions and coma in a patient 
with high blood pressure Impaired renal function may or may not be 
associated The cerebrospinal fluid pressure is increased It occurs m 
eclampsia, in acute or subacute glomerular nephritis, and occasional!} 
in chronic glomerular nephritis and in hypertensive cardiovascular 
disease It is differentiated from true uremia by the fact that the 
blood urea nitrogen is usually under 60 mg per ioo cc , and b> the 
prompt recovery with elevation of the head and relief of the intracranial 
pressure by hypertonic sucrose or sorbitol intravenously The acute 
cerebral edema is due to the hypertension itself and not to the impaired 
kidney function 

C Cerebral Vascular Accidents — Because these are common m 
patients with hypertension and maj result in coma or convulsions 
without the specific localizing signs, the term pseudo uremia has 
been used to indicate the clinical similarity of the picture to true 
uremia The differentiation is made b> the blood urea nitrogen, which 
is under 60 mg per ioo cc , and the cerebrospinal fluid and physical 
findings 

D Acidosis or Alkalosis — Acidosis or alkalosis often cause coma 
in patients with impaired renal function An alkali reserve of under 30 
or over 100 and a blood urea nitrogen under 60 mg per 100 cc will dif 
ferentiate these from true uremia Acidosis or alkalosis may be a 
complication of true uremia 

Because of failure to differentiate correctly the conditions listed 
under B, C, and D from true uremia, some clinicians have failed to 

1 Mason M F Resnilc H Minot A S , Rainey J Pilcher C and Harnson T R 
Mechanism of Experimental Uremia Arch Int Med 60 312-336 (Aug ) 1937 
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recognize the value of blood urea nitrogen estimations in the diagnosis of 
uremic coma 

\ SUMMARY OF THE INDICATIONS FOR THE MORE IMPORTANT 
LABORATORY TESTS IN DISEASES OF THE URINARY SYSTEM 

A In all cases in which disease of this s>stem is suspected a routine 
urinalysis and a routine hematologic examination should be performed 
B In all cases in which uremic breath, deep breathing (Kussmaul), 
hypertension , diffuse edema, retinopathy, albuminuria with casts, 
obscure anemia, or history of alterations in the urine output suggest 
impaired renal function the blood urea nitrogen and the 24 hour unne 
volume should be determined Ideally, the phenolsulphonphthalem 
excretion and the urea clearance should be determined also 

C In all chronic cases of suspected impaired renal function (B 
above) without edema which ha\e a blood urea nitrogen under 50 mg 
per 100 cc and show no evidence of impending cerebral edema or cardiac 
decompensation, the dilution and concentration tests should be done 
D In all cases in which the blood urea nitrogen is over 20 mg per 
100 cc the level of the alkali reserve and, ideally, of the blood “ere 
atinrae” should be determined 

E In all cases in which pus in the cathetenzed urine indicates infec- 
tion in the urinary tract, the causative organism should be identified by 
Gram and Ziehl Neelsen stains, culture, and guinea pig inoculation 
Treatment should be controlled by pH and sulfanilamide determinations 
on the mixed 24 hour urine 
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CHAPTER III 


DISORDERS OF CARBOHYDRATE, PROTEIN AND FAT 
METABOLISM WITH ESPECIAL REFERENCE TO 
DIABETES MELLITUS AND DISTURBANCES 
OF ACID -BASE EQUILIBRIUM 

I resumjS of the essential points in the normal and 

PATHOLOGIC PHYSIOLOGY AND BIOCHEMISTRY 
OF CARBOHYDRATE METABOLISM* 

Carbohydrate food is normally absorbed m the form of the monosaccharides 
which are earned with the portal_blood-to the liver where they are transformed 
to glycogen If absorption is rapid a portion may pass through the liver 
unchanged, thus elevating the level of the blood sugar in the systemic circulation 
In addition, glycogen is formed from the glycerol of fat* and from certain ammo 
acids among which are alanin, argrnin, aspartic acid, cystin, glutamic acid, 
hydroxyglutamic acid, glycin, methiomn, isoleucw, norleucin, prolrn, oxyprohn, 
and senn Fat may, therefore, ultimately give nse to dextrose (d-glucose 3 ) 
equal to about io per cent of the weight of the fat absorbed, and protein may give 
nse to dextrose equal to about 58 per cent of the amount of protein absorbed 
As the relative proportion of glycerol to total fat and of glycogen-forming ammo 
acids to total protein vanes m different types of fat and protem it is evident that 
the figures given can be merely average figures subject to very considerable 
vanations with changes in diet If calculated from the protem or fat ingested 
still greater vanations will occur, due to differences in absorption A possible 
further source of error is a smaller formation of glycogen and thus of dextrose 
than the figures suggest, for they are based on expenments carried out under 
conditions designed to secure the greatest possible demand for dextrose and 
hence are surely maximum figures There is little evidence to show that the 
transformation to dextrose occurs to this extent under conditions when the 
demand for dextrose is less extreme The glycogen of the liver serves as a store- 

1 Lusk G The Science of Nutrition Pp 319-399 and 650-657 W B Saunders 
Company Philadelphia Ed 4 1928 

Peters J P and Van Slyke D D Quantitative Clinical Chemistry Vol I pp 70- 
217 Williams and Wilkins Co Baltimore 1931 

Best C II and Taylor N B The Physiological Basis of Medical Practice Pp 
864-958 W illiam W ood and Co Baltimore 1937 

*The author agrees with Lusk (footnote 1) that notwithstanding its distinguished 
advocates the view that dextrose is derived in the body from the non glycerol portion of 
fats is untenable A summary of the expenments designed to show that carbohydrate is 
derived from the non glycerol portion of fat will be found in The Fuel of Life J ] R 
MacLeod Princeton University Press 19 8 pp 147 

* Glucose is defined in the tenth revision of the Pharmacopoeia of the United States as 
a product obtained by the incomplete hydrolysis of starch It consists chiefly of dextrose 
(d glucose) [CJIitOd maltose dextnns and water The term dextrose should be 
re erved for the pure chemical compound d glucose 
55 
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person with a good store of glycogen m the liver, glycogenolysis is hastened and 
hyperglycemia occurs 

II THE URINE VOLUME AND SPECIFIC GRAVITY 

These have been fully discussed (Chapter II) It is, therefore, onhj^ 
necessary to reiterate that a large volume of pale unne-with a-dispropor 
tionately h igh s pecific gravity is suggestive of diabetes melhtus, but the M ^ 
volume and specific gravity are often normal In diabetes insipidus a 
very large volume (4 to 30 liters) of low specific gravity is excreted 
which does not give a positive test with Benedict’s qualitative reagent 
It is a disorder of water and salt excretion in which the kidney appar 
ently loses its power to concentrate the unne and is due to disease or 
injury of the posterior lobe of the pituitary body or of the brain in that 
region 


III REDUCING SUBSTANCES IN URINE 

Glycosuna is the excretion of dextrose m the urine Reducing 
substances equivalent to about o 03 to o 10 per cent of dextrose are 
normally excreted Most of this is made up of non fermentable sub 
stances There is some evidence to suggest that about o 01 per cent of 
dextrose is normally excreted 1 

A Benedict’s Qualitative Test — This should be done as a routine 
and preferably on a portion of the mixed 24 hour sample if it is desired to 
detect the milder grades of glycosuna The reagent is reduced by 
dextrose, levulose, lactose, galactose, maltose, and pentose, and also 
by the non carbohydrate substances glycuronic acid, formaldehyde 
(after taking urotropin), homogen tisic acid (alkaptonuria) and dihy 
droxyphenylalamne (tyrosinosis) Homogentisic acid quickly darkens 
on exposure to oxygen so that the urine turns black shortly after it is 
voided It appears only in the rare congenital disorder of tyrosin 
metabolism known as alkaptonuria This disease is not incompatible 
with a life of normal length and comfort 

Tyrosinosis 2 is a similar disorder of t> rosin metabolism, but in this 
condition the reducing substance does not darken on exposure to air 


‘West E S and Peterson V L The Sugars of Unne I Determination of the Reduc 
ing Sugars of Unne Biochem J 26 1720-1727 1932 

West E S Lange A C and Peterson V L The Sugars of Unne II Factors 
Affecting the Excretion of Fermentable and Non fermentable Sugars m Urine Biocbem 
J 26 1728-1741 1932 

West E S and Steiner A The Sugars of Unne III The Chemical Nature of the 
Fermentable Sugar of Normal and Starvation Unne Biochem J 26 1742-1740 1032 
* Medes Grace A New Error of Tyrosine Metabolism Tyrosinosis the Intermediary 
Metabolism of Tyrosine and Phenylalanine Biochem J 26 917 1932 1 
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Chloral, chloroform, morphine, camphor, the balsams, aminopynne 
and salicylic acid and its derivatives are the more commonly used drugs 
which are excreted in combination with glycuromc acid Glycuronates 
do not give osazones and are not fermented by yeast Since they cease 
to be excreted after stopping the drug, differentiation from dextrose is 
easy if considered 

The fallacy of considering a positive reduction test proof of the 
presence of sugar, as is commonly done, is, therefore, obvious Charts 
and report forms should contain a heading “reduction ” for the reporting 
of the results of this test, and the heading “sugar per cent” should be 
reserved for the name of the substance found to be causing the reduction 
and the results of quantitative estimation 

In diabetes mellitus under treatment when only a small amount of 
dextrose is found in the 24 hour sample it is frequently desirable to test 
fractional samples of urine collected for short periods of 1 to 2 hours 
throughout the day for reduction, as the total dextrose excretion may be 
occurring during one short period and a slight change in the time of a 
meal hour or dose of insulin or readjustment of the relative proportions 
of the insulin dose and the meal preceding this excretion will enable t^e 
clinician to keep the urine sugar free without altering the total diet or 
the total insulin dosage 

B Identification of the Reducing Substance — This should be 
done the first time a unne from a given patient show s reduction _ It 
is usually unnecessary later as there is little likelihood that a person will 
excrete dextrose at one examination and a different sugar later Lac 
tose, of course, need only be tested for in the urine of pregnant or 
lactating women, infants or others on a milk diet 

C Interpretation — 1 Dextrose — (a) Diabetes mellitus is jmuch 
the most common and important cause of glycosuria, but in_early 
diabetes and in cases complicated by nephritis, glycosuria may be 
' absent It is also absent m some cases of severe diabeteswith a~KIgh 
renal threshold for dextrose The percentage of dextrose may vary 
from a trace to 10 per cent 

Under the term diabetes mellitus, as hereafter used, are grouped all 
conditions in which a deficiency of insulin occurs They may all show 
the laboratory findings characteristic of diabetes mellitus with, in some 
cases, additional findings also The members of this group are 

(1) Juvenile diabetes mellitus (a congenital deficiency of islet 

tissue?) ’ 

(2) The milder diabetes mellitus of older persons This is based on 
\ anous types of fibrosis, atrophy, arteriosclerosis arte nol osclerosis, or 
other as yet ill defined pathologic changes in the pancreas 
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(3) Acute, subacute, or chronic pancreatitis This may grve rise 
to a transient or permanent picture of diabetes mellitus This group 
undoubted!.} accounts for the cases attributed to chronic cholecystitis 

(4) Benign or malignant tumors of the pancreas These not 
infrequently produce the s> ndrome of diabetes mellitus If a pancreatic 
tumor has been diagnosed, the presence of this s> ndrome usuall} 
indicates that the tumor growth involves the majority of the pancreas 
and is, therefore, very extensive Absence of this s> ndrome should not 
be considered as evidence against the diagnosis of tumor 

(5) Hemochromatosis or bronzed diabetes is a rare disease character 
lzed by enlargement of the liver and spleen, brownish pigmentation 
of the skin with the blood and urine findings characteristic of diabetes 
mellitus At least some of these cases fail to respond to insulin therap} 

(b) Temporary Glycosurias — These are usuall} non diabetic The 
causes are 

(1) Alimentar} glycosuria This occurs after excessive carbo 
hydrate ingestion It is exceedingl} difficult to produce in the normal 
individual, a dosage of 150 to 500 gm of pure dextrose being required 
Hence, an alimentar} glycosuna is always an indication for a dextrose 
tolerance test, as alimentary glycosuria may prove to be the earliest 
clue to an incipient diabetes mellitus, or other disorder of carbohydrate 
metabolism 

(2) Severe chilling of the body 

(3) Pregnancy In the first three months it is usually not significant Later 
in pregnancy a positive reduction test is most apt to be due to lactose in the unne 

'If dextro5&.is demonstrated, true diabetes mellitus may be the cause Therefore, a 
fasting blood sugar estimation and if that lsiyormal a dextrosejtolerance.t£stshould 
always be performed if gly cosuna is found later than the third month of pregnancy 
It is safer thus to determine the causepf glycosuria in the first three months although 
it will usually be found to be due to a low renal threshold which is not pathologically 
significant - 

(4) After intravenous saline injection ^ 

(5) Asphyxia 

(6) Drugs Adrenalin produces glycosuria by liberating dextrose 
from glycogen reserves ^Anxiety, anger, or fright may produce a 
temporary gly cosuna due to excessiye llbefatT o n bfep mephrin from the 
adrenals (Cannon) Thus after a severe examination~an~appreciable 
percentage of a class may show dextrose m the urine This is of no 
clinical significance 

^"Anesthetics, morphine^and carbon monoxide not infrequently give 
rise to glycosuria by producing asphyxia 

Fhloridzm reduces the renal threshold to such an extent that the glycogen 
reserves can be almost completely exhausted The dextrose is removed from the 
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body so rapidly that almost no oxidation occurs It is, therefore, a valuable aid to 
the physiologist m studying carbohydrate metabolism but practically never needs to 
be considered in the clinical differential diagnosis of glycosuna Its mode of action 
is apparently a complete inhibition of the ability of the renal tubule to reabsorb 
dextrose from the urine 

(7) Injury to the central nervous system, either traumatic or due 
to cerebral vascular accidents (cf sugar puncture of Claude Bernard) 
This is important because these patients are often first seen when in 
coma The finding of dextrosejn the un ne_(often associated with 
ketone bodies) may lead one in some cases to make an erroneous 
diagnosis of diabetic coma if this possibility is not considered (See 
chapter X ) 

(c) Persistent glycosurias which are not true diabetes mellitus 

(1) Hyperthyroidism This possibility should be considered in the 
case of a patient who shows a persistent or alimentary^glycosuna not 
otherwise explained A'dextrose tolerance test and a basal metabolic 
rate determination should be~cfohe Sificcrglycosuna is absent m many 
cases, and a true diabetes mellitus may co exist with hyperthyroidism, 
further study is necessary, and often a sub total thyroidectomy must 
be performed before a final decision can be made as to whether hyper 
thyroidism alone was responsible for the finding 

(2) Hj perpituitansm This may produce similar results but such 
a glycosuna is still less common than that of hyperthyroidism 

(3) Severe glomerular nephritis or chronic diffuse nephritis with 
marked nitrogen retention and acidosis In such cases slight glycosuna 
due to a combinatioimf'HIgirbTood sugar and lowered renal threshold 
may occur This does not alter the prognosis and probably results 
from excessive glycogenolysis secondary to the acidosis It does not 
occur in nephrosis or in mild glomeruto nephntis In. cases of hyperten 
sive cardiovascular renal disease, glycosuna ma> occur, due in most 
cases to the co existence of a mild diabetes mellitus on the basis of 
vascular changes in the pancreas identical with those occurnng m the 
kidney and other internal organs 

(4) Renal glycosuna, ren al diabetes, normog lycemic glycosuna or 
diabetes mnocens In this condition the glycosuna may "be constant 
and is due to a low renal threshold for dextrose The patient’s health is 
not affected since the abdity to oxidize dextrose is not impaired 

2 Levulose 1 (fructose) — This may occur with dextrose m severe diabetes 
mellitus or alone in a very rare disorder of metabolism in -which a definite percentage 
of all ingested levulose is excreted in the unne unchanged The prognosis is good 

1 Heeres P A and Vos H Fruetosuna Arch Int Med 44 47-64 (July) 19*9 
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An alimentary levulosuna occurs m some diffuse diseases of the liver such as cir 
rhosis or subacute hepatitis (catarrhal jaundice) The ingestion of levulose was 
even suggested as a test of liver function but proved unreliable 

3 Lactose —This occurs in the later months of pregnancy and dunng lactation 
and occasionally in infants after too rapid absorption of lactose Its only impor 
tance is that unless tested for it might be confused with dextrose Dextrose and 
lactose may occur together If dextrosazone crystals are secured together with a 
positive lactose test the quantity of dextrose present maj be determined by quan 
titative sugar estimations before and after fermentation with yeast or preferably 
with Salmonella shottmullen (Bacillus paratyphosus B) The difference between 
the two estimations is due to dextrose 

4 Galactose — This may occur in the unne of nursing infants or, in rare 
instances in severe Uver disease after the ingestion of much lactose (milk) The 
excretion of over 3 gm of galactose in the unne (See Chapter V) after oral admin 
istration of 40 gm is considered by R Bauer to be diagnostic of impaired liver 
function 

5 Maltose — This is very rarely excreted in the urine It is said to occur in 
some cases of interstitial pancreatitis 

6 Pentose — Pentosuria is rare 

(a) Alimentary pentosurta occasionally occurs after excessive ingestion of food 
containing pentose (e g cherries) 

(b) In diabetes, along with dextrose, pentoses may rarely be found 

(c) Idtopathic pentosurta 1 is a congenital anomaly of metabolism of no clinical 
significance provided it is recognized and the patient is not treated for diabetes 
mellitus L-xylohetose is the pentose usually present 

7 Pentosans —These rarely occur They are the basis of the so called Cam 
midge reaction which was supposed to indicate disease of the pancreas The test 
is no longer used 

D Quantitative Estimation of Dextrose — This should be done 
daily or at frequent intervals on an accurately collected 24-hour sample 
of unne on ever} patient with diabetes mellitus who shows more than 
a one plus reduction of Benedict’s solution It is of little or no value 
if done on inaccuiatelj collected, improperly preserved, or single 
specimens It is occasional!} of \ alue in research studies on other t} pes 
of gljcosuna The results should be reported both as percentage and 
as total number of grams excreted per day 

IV THE FASTING BLOOD SUGAR 
This should be determined on each patient when dextrose is first 
found in hts urine and on an} patient m whom diabetes is suspected 
even though sugar is not present in the unne It should be repeated 

j 1 Margolts J I Chronic Pcntosuna and Migraine JAMA 93 173-175 (Jul> 

InWwitx M Studies in l entosuna Am J Med Sci 186 S39 (Oct) 1033 
Sunderman F \\ Fssential I entosuna M Chn North America ai ia«c-i 2J < 
(July) 1937 5 
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daily until the blood sugar has returned to normal and thereafter, once 
a week to once a month throughout the patient’s life to determine the 
accuracy of clinical control In a diabetic, an acute infection or 
exacerbation of symptoms is an indication for a blood sugar estimation 
In patients receiving insulin 1 the blood sugar level as determined on a 
specimen of blood taken before breakfast is apt to be the highest which 
has occurred at any time during the preceding 24 hours, whereas in all 
other cases it is usually the lowest level reached 

A Normals — The fasting value by the commonly used methods is 
80 to 120 mg of “dextrose” per 100 cc of blood It is very constant 
in health Work 2 with methods more specific for dextrose than those 
in common use has shown that the actual fasting dextrose level of 
blood is almost exactly 21 mg lower and that the higher figures by 
the usual methods are due to other reducing substances This does 
not alter the diagnostic value of the blood sugar estimation by the tests 
now m use Hence, all interpretations given here are for methods 
which give values of 80 to 120 mg per 100 cc on the blood of normal 
persons Blood sugar values are sometimes reported in percentage 
figures, eg, o 12 per cent is the same as 120 mg per 100 cc True 
dextrose values may be obtained from the values given in this book b> 
subtracting 21 mg 

B Hyperglycemia — This is a fasting blood sugar content above 
120 mg An estimation above 150 mg is definitely pathologic The 
causes are 

1 Diabetes Mellitus — This is by far the most common and the 
most important cause A diagnosis of diabetes mellitus is justified even 
with no glycosuria if no other cause for the hypergl> cemia is found 

2 Severe Nephritis 

3 Hyperthyroidism (some cases) 

4 Hyperpituitarism (in a small proportion of cases) 

5 Cholecystitis (probably due to an associated pancreatitis) 

6 Pancreatitis 

7 Infections 

Note A true diabetes mellitus may occur in association with any of these 
conditions 

1 This applies either to regular insulin, to protamine zinc insulin or to the other slow 
acting insulins as usually administered 

Joslm E P Protamine Insulin JAMA 109 497-503 (Aug 14) 1937 

* Somogyi, M A Method for the Preparation of Blood Filtrates for the Determination 
of Sugar J Biol Chem 86 655-663 (April) 1930 

Somogyi M Distribution of Blood Sugar between Corpuscles and Plasma in Diabetic 
and in Alimentary Hyperglycemia Arch Int Med 42 931-938 (Dec) 1928 

Campbell R A Osgood E E , and Haslans H D Noraal Renal Threshold for 
Dextrose Arch Int Med 50 952-957 (Dec ) 1932 
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8 Hemochromatosis 

9 Essential hypertension associated with obesity Probably in such cases 
there is a true diabetes melhtus of mild grade due to changes in the pancreas similar 
to those which usually occur in the kidney 

10 Transient Hyperglycemia —This may occur in any of the cases of temporary 
glycosuna listed above, with the exception of renal diabetes, the effects of phlondzin 
and most cases of glycosuna in the first three months of pregnancy 

C Hypoglycemia 1 — This is a blood sugar content below 80 mg 
per 100 cc It should be suspected and the blood sugar should be 
estimated in any patient showing the syndrome of sweating, hunger, 
tremor, and later convulsions and coma which is usually called a 
hypoglycemic reaction,® or in any patient presenting evidence suggestiv e 
of the conditions listed below If the blood sugar gets as low as 45 mg 
convulsions usually occur The causes are 

1 Overdosage of insulin, or failure to ingest or absorb the amount 
of carbohydrate calculated for the insulin dosage This is the most 
common cause of h> poglycemia With the slow acting insulins hypo 
glycemia may occur during the night or after exercise The usual 
symptoms are headache and nausea but coma may occur without the 
patient awaking 

v/ 2 Renal Glycosuna — Persistent glj cosuna due to a low' renal 
threshold for dextrose is diagnostic of this condition 

3 Endocrine Hypofunction — (a) Myxedema or Cretinism (b) 
Addison's Disease 1 * 3 (c) Pituitary Disease 

4 Hypennsulmism 4 — This is being recognized with increasing 
frequency and should be suspected not only when a typical hypo 
glycemic reaction occurs, but also when periodic neurologic attacks 
occur at the time of day that the blood sugar is lowest The commoner 
forms are epileptiform seizures, headaches, psychotic attacks, pareses, 
narcolepsy , and periods of amnesia, confusion or stupor The patients 
often discover that they can relieve or prevent the attacks by taking 


1 Cragg R W Power M II and Lindem M C Carcinoma of the Islands of Langer 
hans with Hypoglycemia and Ilypennsulinism Arch Int Med 60 88-99 (July) t937 
Hartmann A F Jaudon J C and Morton Mane Hypoglycemia J Pedi 
atnes 11 1-36 (July) 1937 

* It is now know n that a hypoglycemic reaction depends not so much on how low the 
blood sugar falls as on how rapidly it falls For example the blood sugar can be gradually 
reduced to much below normal without a hypoglycemic reaction and on the other hand 
in a patient with a hyperglycemia a sudden fall in blood sugar may produce a typical 
reaction e\ en though the final level reached is still above normal 

*Welty J W and Robertson II F Hypoglycemia in Addison s Disease Am J M 
Sc 191 760-764 (Dec ) 1936 

* Hams S Epilepsy and Narcolepsy Associated with Hypennsulmism Report of 
Three Cases of Epilepsy and One Case of Narcolepsy Cured Clinically by Partial Resection 
of Body and Tail of Pancreas JAMA 100 311-317 (Feb 4)1933 
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B Pathologic Results — These occur in the following conditions 
i Diabetes Mellitus — This is by far the most common and 
important cause of an abnormal curve The curve rises sooner and 
higher and stays up longer than in normals The high point is often 
at one hour and usually it goes above 200 mg and has not returned 
to normal at the end of 2 hours Dextrose does not appear in the urine 
until the blood sugar reaches 125 to 220 mg and may not appear even 
then, since in many cases of diabetes the renal threshold is raised 



Tic 1 — Blood sugar curves secured in dextrose tolerance tests *Poinl at which gtysosuria 
begins 

2 Endocrine Disturbances — (a) Ryptrfunctwn — The curve is 
high and resembles that in diabetes (although it is usually not so 
markedly abnormal) in 

Hyperthyroidism 1 

Acromegaly and gigantism in the active stage, or hyperfunction 
of the pituitary A hypofunction of the pituitary is apt to occur 
later with a corresponding alteration m the curve 

‘John H J Hyperthyroidism Showing Carbohydrate Metabolism Disturbances Ten 
\ears Study and Follow Up of Cases J A M A gg 620-627 (Aug 20)1932 
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In these conditions, although the curve is high, the sugar tolerance 
is said to be low because glycosuria may occur after relatively small 
doses of dextrose 

(b) ffypofunclton — The curve is low and resembles that m renal 
diabetes (but is not associated with glycosuria) m 

Myxedema and cretinism 

Addison’s disease 

Hy pofunction of the pituitary 

In the above conditions, although the curve is low, the sugar toler 
ance is said to be high because enormous amounts of dextrose may be 
ingested without glycosuria 

3 Renal Glycosuria ‘—In this condition the curve is low, seldom 
going above 140 mg and dextrose appears in the urine when the blood 
sugar level is less than 1 25 mg in other words, the renal threshold is low 

To diagnose renal diabetes it must be shown that dextrose is appear 
mg in the urine at a time during which the blood sugar level does not 
exceed 125 mg Therefore the blood sugar estimation must be done 
on blood collected at the same time (within 15 minutes, not merely on 
the same day) as the urine sample which contains dextrose The 
dextrose tolerance test offers the best opportunity to do this Early 
pregnancy must of course, be excluded Variations in carbohydrate 
intake should produce relatively slight variations in the quantity of 
dextrose excreted in the urine, as demonstrated by the dextrose oxidizing 
ability test 

4 The First 12 Weeks of Pregnancy —During this period, the 
changes described for renal glycosuria may occur 

5 Severe nephritis 1 of the types showing nitrogen retention These cases 
may give a diabetic type of cune with or without glycosuria It is important to 
consider this before making the diagnosis of diabetes in a nephritic The two con 
ditions may co exist 

6 Infecuons *— During many ty^cs of infections (particularly infectious arthn 
lis) a slightly abnormal curse approaching the diabetic type occurs This is of 
no diagnostic significance but suggests that insulin may be of therapeutic value 
in such cases 


‘Marble A Renal Olycnsum \m J Med Sci 18^ 811-816 (June) iqjj 
S mith Jlorcncc II and Smith k \ Normoglycemic Cly cosum Differentiated from 
Other Benign Cly cosum and Diabetes Mcllitus Arch Ini Med 60 119-132 Holy) 
* 93 * 

‘Under C C Hiller A and Van Sly ke D I) Carbohydrate Metabolism in Nenhn 
tis J Clin Insest 1 24 -s a(Ieb) 1925 * 

‘Williams J I and Dick ( I Decreased Dextrose Tolerance in Vcutc Infectious 
Diseases Arch fnt Med 50 Roi-Si8 (Sept ) 1914 

Schmidt 1 C Eastland J S and Burns j II Infection and the Tolerance for 
Dcitrose Arch Int Med s< 466 4S1 (Sept ) 1934 
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•j Carcinoma (especially of the digestive tract) — This often gives a high curve 
and some believe it is sufficiently constant to be of diagnostic value 

8 Following a Low Carbohydrate Diet 1 — If such diets are 
ingested for a few days, even normal persons will give a diabetic type 
of curve It is important, therefore, that persons who are to have a 
dextrose tolerance test be on a liberal carbohydrate regimen for several 
days 

9 Hyperinsulmism — Dextrose tolerance curves may be of any 
type, although a low value at some stage in the test is the rule The 
high curve occasionally obtained suggests that there is a faulty regula 
tion of the output of insulin m some cases rather than a consistently 
high secretion This syndrome is sometimes called dysinsulinism 
The diagnosis of hypennsulinism should be based on the finding of a 
blood sugar of 50 mg per roo cc or less at the time of the attach, not 
on the results of a dextrose tolerance test 

10 Faulty Absorption — Bizarre curves in which the level remains 
constant or decreases and then goes up may result from delayed absorp 
tion due to nausea, emotional upsets, gastrointestinal disease, etc 

u Von Gierke’s Glycogen Disease — The curve is low and 
gljcosuna does not occur 

VI THE ONE HOUR, TWO DOSE DEXTROSE TOLERANCE TEST* 

This test was developed by Exton and Rose* and is simpler than the 
preceding dextrose tolerance test It is satisfactory for diagnosis of dia 
betes mellitus but is not so satisfactory in other endocnne disturbances 

A Normals — The first blood sugar is less than 120 mg per 100 cc , 
the half hour level is less than 50 mg above the first value, and the one 
hour lev el is less than 30 mg above the half hour value 

B Pathologic Results — Diabetes mellitus is probably present if 
any two of the following deviations from normal in the test are found 

(1) A first blood sugar of over 120 mg per 100 cc 

(2) A half hour value of more than 50 mg per 100 cc above the 
first level 

(3) A one hour level of 30 mg per 100 cc above the half hour level 

1 McCulIagh I P and Johnston C R K Manipulation of Glucose Tolerance by 
Diet Am J M Sc 19s 573-781 (June) 1938 

* Cooperstock M and Galloway Josephine M One Hour Two Dose Dextrose Toler 
ance Test Am J Dis Children 55 1221-1232 (June) 1938 

'Exton W G and Rose A. R. The One Hour Two Dose Dextrose Tolerance Test 

Am J Clin Path 4 381-399 (Sept ) 1934 



DISORDERS OF CARBOHYDRATE, PROTEIN AND FAT METABOLISM 69 


The normal values and interpretation have been given according 
to the criteria of Gould, Altschuler and Mellen 1 since these have been 
found more satisfactory than the original criteria of Exton and Rose 
The interpretation is the same in children if the test is performed as 
recommended 

VII QUANTITATIVE METHODS FOR DETERMINING THE SEVERITY 
OF DIABETES MELLITUS 

These tests are of value in following the course of treated diabetes 
A Dextrose Oxidizing Ability Test — This test should be done 
at intervals on all diabetic patients who are under control but do not 
require more than 20 units of insulin a day It is also desirable to 
perform it on patients with renal gl> cosuna 

i Technic — No insulin 15 given during the period of the test 
The patient is placed on a weighed diet, the total dextrose equivalent 
of which is calculated from this formula 100 per cent of the carbohydrate 
plus 58 per cent of the protein plus 10 per cent of the fat 2 in the diet 
(absorbed) equals the total dextrose value The protein absorbed ma> 
be more accurately calculated b> multiplying the total nitrogen of the 
24 hour urine by 6 25 Quantitative dextrose estimations on the 
24 hour urine are made dail> After the> become relatively constant 
the average daily excretion is subtracted from the average daily intake 
The difference is the grams of dextrose the patient is able to metabolize 
with his own insulin This figure is often called the patient’s carbohy 
drale tolerance This must not be confused with the dextrose tolerance 
test 

In renal gl> cosuna increasing the dextrose value of the diet increases 
only slightly the dextrose excreted in the urine In diabetes mellitus, 
increasing the dextrose value of the diet increases the dextrose excreted 
in the urine by that amount This is the most important point in the 
differential diagnosis between renal glycosuria and diabetes mellitus 
If there is much daily variation after the first 48 hours, it is probable 
that the patient is obtaining extra food or that the collection of the 
24 hour urine specimens is inaccurate 

B Insulin Coefficient s — This method is applicable to patients 
with severe diabetes to whom regular insulin is being administered 

1 Gould S E Altshuler S S and Mellen H S The One Hour Tu o Dose Glucose 
Tolerance Test m the Diagnosis of Diabetes Mellitus Am J M Sc 193 611-617 (May) 
*957 

* See footnote 2 p ss 

•Williams J R The Insulin Coefficient an Improved Method for the Clinical Control 
ol Diabetes Mellitus Ann Int Med 5 264-373 (Sept ) 1931 
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i Technic — Reduce the insulin dosage until 5 to 20 gm of dextrose 
are excreted in the unne daily When the dextrose excretion has 
become constant, determine the diet dextrose and the unne dextrose 
as outlined above The difference is the dextrose utilization (DU) 
Since, under the conditions of this test, one unit of insulin will metabolize 
about 4 gm of dextrose, DU/4 = units of insulin required (IR) The 
insulin required minus the insulin administered (IA) equals the insulin 
coefficient (IC) or the actual amount of insulin which the patient is 
producing It is obvious that the diet given must be adequate to cover 
the patient’s calonc requirements 

C Interpretation 


Table s — Interpretation op the Insulin Coefficient and Dextrose Oxidizing 
Ability Tests 



Insulin ( 
coefficient 

Dextrose 
oxidizing ability 

Normals 

100 or more 

400 gm or more 

Borderline diabetes 

75 to 100 

300 to 400 gm 

Mild diabetes 

40 to 75 

160 to 300 gm 

Moderate diabetes 

25 to 40 

100 to 160 gm 

Severe diabetes 

Less than 25 

Less than 100 gm 

Total diabetes 

0 

0 


It is obvious that the dextrose which can be oxidized expressed in 
gm is four times the Insulin Coefficient 


VIII KETOSIS* 

This is the formation of the ketone bodies, 1 e , acetone, aceto 
acetic acid, or betahydroxybutync acid, in such quantities that they 
are excreted m the urine Acetone is present alone jnjruld cases and 
in severe cases in association with acetoacetic-acid or with both of the 
other ketone bodies It must not be confused with acidosis 

A Chemical Formulae 

Acetone CH S CO CH* 

AcetoaceticTacid CH* CO CH 2 COOH 
Beta-hydroxybutync acid CHs CHOH CH 2 COOH 

B Mode of Production — Acetoacetic acid is formed first Acetone is 
derived from it by loss of COj and beta-hydroxybutyric acid is produced from it 

l LusL G The Science of Nutrition Pp 661-682 W B Saunders Philadelphia 
Ed 1 1928 

Woodyatt R T Objects and Method of Diet Adjustment in Diabetes Arch Int 
Med 28 125-141 (Aug) 1921 

Shaffer, P A Antiketogenesis J Biol Cbem 54 399-441(001)1922 
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by a process of reduction Acetoacetic acid is a normal mtermediate^product_in 
the oxidation of the acids that occur in combination with gl ycerol as fats,- and of 
certain ammo acids (leucin, tyrosm, phenylalamn, and histidm) from proteins 
In normal metabolism it is quickly oxidized to carbon dioxide and water and so 
isjiever excreted in. the urme However, TTEasTjeen^shownTEardextrose must 
be oxidized m order that this complete oxidation of a ketone acid may occur, and 
also that there is a quantitative relation between the amount of dextrose which is 
being oxidized and the quantity of acetoacetic acid that can be oxidized For 
every molecule of dextrose oxidized one molecule of acetoacetic acid can be 
completely jmdized Hence, If the metabolism can be so adjusted that one or 
moremolecules of dextrose is oxidized for each molecule of acetoacetic acid that 
is formed, ketosis will not occur If more than one and less than two molecules 
of acetoacetic acid are formed for each molecule of dextrose that is being oxidized, 
slight ketosis occurs although some of the excess acetoacebc acid beyond one 
molecule is oxidized If over two molecules of acetoacetic acid are formed for 
each molecule of dextrose oxidized, none of the excess acetoacetic acid beyond 
the two molecules is oxidized, and a marked ketosis results Therefore, a diet 
which would result in such a ratio should never be prescribed unless a severe 
ketosis is desired (e g , m the treatment of epilepsy or pyelitis) 

As explamed above, 100 per cent of the carbohydrate plus 58 per cent of the 
protein plus 10 per cent of tie fat, 'equals the total dextrose value of the diet or 
the total antiketogenic substance m grams About 90 per cent of fat is fat 
acid capable of producing acetoacetic acid, and 46 per cent of the weight of protein 
is equivalent to fat acid in its acetoacetic acid producing possibilities, that is to 
say, if 100 gm of protein could be metabolized in the absence of dextrose (impos- 
sible because 58 gms of dextrose would be formed from this amount of protein) 
the amount of acetoacetic acid produced would be the same as that produced 
from 46 gm of fat acid or 51 1 gm of fat Tins does not unply that fat acid is 
ever produced from protein The total ketogemc (acetoacetic acid producing) 
value of the diet is, therefore, goper cent of the fat plus 46 per cent of the protein 
Ketosis occurs if more than one molecule of acetoacetic acid is formed for each 
molecule of dextrose oxidized One molecule of fat acid will produce one 
molecule of acetoacetic acid Therefore, to prevent ketosis the diet must be so 
adjusted that there is at least one molecule of antiketogenic substance for each 
molecule of ketogemc substance and enough insulin must be given so that all 
the antiketogenic substance is oxidized The method of calculating ketogemc 
(K) and antiketogenic (AX) substances given above, however, gives results in 
grams not in molecules or gram molecules, but since the average molecutar 
weight cf fat acid is approximately 1 5 times the molecular weight of dextrose, 
an antiketogenic ketogemc ratio of 1 o 15m grams is roughly equivalent to a 
ratio of r 1 in gram molecules The ketogemc and antiketogenic substances as 
calculated by the above methods are necessarily only rough approximations, 
since different fats and proteins wiU, of course, yield different quantities ot 
dextrose and acetoacetic acid Therefore, if ketosis is to be absolutely prevented, 
slightly less than r 5 gm (i e , m gm ) of ketogemc substance should be given 
for each gram of antiketogenic substance in the diet. Since increasing the fat 
greatly increases the caloric value of the diet without much increase in the total 
dextrose value, a patient will require less insulin for a gtven caloric intake on a 
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A Buffer Action —A buffer solution is one which has the property of reacting 
with relatively large quantities of acid or alkali with only a very slight change in 
pH There is, however, some change m pH even though it may not be measur- 
able A typical example of a buffer solution is a solution containing both acid 
and alkaline phosphates If hydrochloric acid is added, some disodium phos- 
phate is changed to monosodium phosphate and the ratio of hydrogen to hydroxyl 
ions does change slightly The buffer action in this case depends on the replace 
meat of the highly ionized acid (HC 1 ) by the slightly Ionized acid salt (NaHjPOj) 
The total replaceable hydrogen and, hence, the titration value of the resulting 
solution, is the sum of that in the buffer solution and that m the hydrochloric acid 
solution, but very much less of that hydrogen is in ionic form than in hydrochloric 
acid solution of the same titration value The buffer action against alkalies is 
similar 

1 Buffer Substance m Plasma 

(a) Buffers against Acid 

(1) Bicarbonate (does not buffer car- 
bonic acid directly) 

(2) Alkaline phosphate (chiefly Nai- 
HP 0 4 ) 

(3) Sodium protemates 

(4) Ammonia (normally only trace 

present) 

In emergencies ammonia is derived from proteins by deaminization of ammo 
acids and combines with acid substances The ammonium salts are excreted 
by the kidney Most of this ammonia formation occurs m the kidney itself 

The buffers against acid constitute the alkali reserve of the blood The 
level of these buffers is indicated by the alkali reserve figure 

2 Buffers in the Red Cells — The importance of these has only recently been 
recognized The most important of these is hemoglobin, itself, which, in the 
lungs, combines with oxygen to form a stronger acid than reduced hemoglobin 
and, in the tissues, reacts with carbon dioxide to form hemoglobin carbamate 1 
The reaction between hemoglobin and carbon dioxide is made possible by the 
catalyst, carbonic anhydrase, present m the red cells which accelerates in both 
directions the reaction CO 2 4 - H s O ^ HiCO* The potassium hemoglobin com 
pound KHbO* is also important This potassium hemoglobin compound is 
responsible for the buffering of 90 per cent of the carbon dioxide taken up by the 
blood In addition the acid and alkaline potassium phosphates have some 
buffer value 

3 Acids to Be Neutralized 

(a) Volatile (excreted by the lungs) — Carbonic acid, or carbon dioxide dis 
solved in plasma 

(b) Fixed Acids (excreted by the kidneys) — Lactic, acetoacetic, betahydrox- 
ybutync, unc, hippunc, oxalic, sulphuric, phosphoric, mandehc and many other 

* Stadie \V C and 0 Bnen Helen The Carbamate Equilibrium The Equilibrium of 
Oxyhemoglobin and Reduced Hemoglobin J Biol Chem 117 439-470 (Feb ) 1937 
Ferguson J K.W Carbamxno Compounds of CO, with Human Hemoglobin and 

Their Role in the Transport of COt J Physiol 8S 40-55(001)1936 


(b) Buffers against Alkali 

(1) Carbonic acid (carbon dioxide in 
solution) 

(2) Acid phosphate (chiefly NaHjPO<) 

(3) Proteins (not acid but will combine 
with alkali) 
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acids that may be accidentally or purposely ingested or mjected Ammonium 
chloride, now used in treatment of edema in very large doses, acts as an acid 
The foods that contain a preponderance of acid-producing substances are (a) 
meats, (b) eggs, (c) cereals, (d) cranberries, prunes, and plums, m other words 
the foods which contain much protein or phosphorus-containing compounds 
(oxidizing to H1SO4 and H,PO.), or fruits that yield unoxidizable organic acid 
(benzoic) in excess over the basic mineral substances present 

4 Alkalies to Be Neutralized — In normal metabolism there is never an 
excess of alkali produced and only rarely are alkaline substances ingested in 
disproportionate amounts, except as medicines Therefore, the problem of 
neutralization of alkalies is much less important than neutralization of acids 
The most commonly used drugs which are absorbed as alkalies are bicarbonates, 
acetates and citrates Calcium carbonate and magnesium oxide may conserve 
the alkaline substances m the blood by combining with hydrochloric acid in the 
stomach, preventing the necessity of its neutralization in the duodenum The 
foods that tend to increase the alkalinity are (a) fruits, with the exception of 
plums, prunes, and cranberries, (b) vegetables, especially soy beans and lima 
beans These are foods which contain an excess of base over the acid-producing 
substances 

5 Mechanism of the Buffer Action — Smce the red cell membrane is imper- 
meable to sodium and potassium 10ns and to protein, the sodium and plasma 
proteins remain in the plasma while potassium and hemoglobin remain in the 
red cells, and only hydrogen, chloride and HCO* ions, and water and oxygen 
molecules pass through this membrane The changes occurring in the tissues 
can be best illustrated by the following diagram 


Plum* 

Cell w*U 

Cell content* 

H,CO,-(HCO HID-. 

H ion* — • 

(H) + (Cl) + KHbO — KCl + HHbOi - Hnb + 0, 

K»Cl— tfU) I (Cl) — 
\tUHCO. 

Cl Ion* — • 

(II) + (Cl) + KtHPO, — XC1 + KH,PO 

H,COj — (KCO.KHj - 

H font — • 
HCO, loos 

ir co. + Hbo, -* KbNircooir + o. + n,o 

<*D + (HCO,) + KHbO, -• KHCO, + HHbO, — HUB + 0, 

H.CO + Ml protein — 

H protein 
+ HallCO 

OD + (HCO ) + K.HPO, — KHCO, + KHtPO, 


In the lungs these reactions are exactly reversed because of the taking up of 
oxygen and the giving off of carbon dioxide, for example 


Cel) contents 

•Wall | 

Plasma 

| Expired air 

0, + II Hb + KCl — 
\ 1 / 

N. 1 / 

KHbO, 

■ H ions — j 
Cl Ions — j 

(H) + (Cl) + NaHCO, — 

1 

1 *NaCl 

H,CO, CO, + HiO 

HbWICOOII + Or—* 

\ / 
HbO, 

H ions -♦ | 
HCO, 

H,CO, — 

H.O + CO, 
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6 Function of the Buffer Action —Since there is usually an excess of acid 
over base resulting from metabolism, It is obvious that the buffer action alone 
would not be sufficient to keep the pH constant No matter how efficient the 
buffer solution, it does change slightly in pH with every addition of acid or alkali 
and if there is a constant excess of acid without any compensating mechanism, 
the blood would soon become neutral and the patient would die The chief 
value of the buffers in the blood is to counteract the effects of sudden demands 
on the neutralizing ability of the body, till the acid or basic substance can be 
disposed of by other mechanisms There must constantly be a good intake 
of basic substances in the food to restock the blood with neutralizing material 

B Excretion of Acid or (less commonly) Base — i As Carbon Dioxide by 
the Lungs —The average daily excretion of carbon dioxide is equivalent to 20 to 
40 liters of normal acid This is by far the most important mechanism in main- 
taining the pH of the blood constant over long periods of time If there is a 
tendency to acidosis, respiration is increased and carbon dioxide excretion 
increases If there is a tendency to alkalosis respiration is slowed and carbon 
dioxide excretion decreases This mechanism is seriously interfered with in 
extensive pulmonary disease such as pneumonia, depression of the respiratory 
center such as occurs in morphine poisoning, or in “oxygen hunger” such as 
occurs at high altitudes 

2 By the Kidney 

(a) Fixed actds equivalent to 50 to 150 cc of normal acid are normally 
excreted daily in the urine A good deal of this acid is in the form of salts In 
ketosis the quantity is greatly increased 

(b) If excess of base is ingested, alkali (bicarbonate and alkaline phosphate) 
is excreted m the unne The ability of the kidney to excrete excess of either 
acid or base is impaired m the conditions associated with nitrogen retention 
(chapter n) 

C Conservation of Base — If all the acid to be neutralized were excreted in 
combination with base, the store of basic materials would soon be depleted 
There are several mechanisms to prevent this 

1 Sulphuric acid is excreted In part as organic compounds, ethereal sulphates 
(e g , mdican), so that only one-half of the base otherwise needed is excreted 

2 Acetoacetic Acid — A large part is changed to the neutral substance acetone 
by loss of carbon dioxide (the carbon dioxide is eventually excreted by the lungs) 
The betahydroxybutyric acid formed from acetoacetic acid has, of course, the 
same acid value as the original acetoacetic 

3 Lactic Acid — All the lactic acid normally produced from carbohydrate 

during muscular activity or in the growth of cells is, if sufficient oxygen is present, 
either resynthesized to neutral carbohydrate or completely oxidized to carbon 
dioxide and water When the oxygen supply does not keep pace with the amount 
of lactic acid produced, whether because of slowing of the circulation (as in 
cardiac failure or in anhydremia'l, or because of deficient oxygen per cc of blood 
(as in pulmonary disease or in anemia), or because of excessive lactic acid pro- 
duction (as after violent prolonged muscular exercise), the lactic acid s 

unchanged and accumulates m the blood and tissues, where it may caus 

4 Excretion of an Acid Unne — The kidney has the unexplained 

selectively excrete acid sodium phosphate ar the alkaline 
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when, the alkali is needed When the demand for alkali is great, the kidney is 
able to dissociate certain organic acids from their salts and excrete them in the 
free form Among these are unc acid and hippunc acid Hence, the greater 
the demand for alkali the more acid will be the reaction of the unne 

5 Formation of Ammonia from Urea (by the kidney) — This is said to occur 
m emergencies, the ammonia taking the place of basic radicles which remain 
in the blood stream while the ammonium salt of the acid is excreted This 
must be distinguished from the increase in ammonia nitrogen in the urine which 
occurs in severe liver disease due to inability of the damaged organ to form urea 
Both mechanisms 4 and 5 may be seriously impaired m efficiency in those 
cases of kidney disease associated with nitrogen retention 

X ACIDOSIS AND ALKALOSIS 

A Definition — i Acidosis is that condition of the body resulting 
from the presence in the blood and tissues of an amount of acid sufficient 
to lower either the alkali reser\e of the blood or its pH, or both, below 
the normal limits 

Death occurs before the blood e\er becomes acid, thus the term 
acidosis is a little confusing unless one remembers that it means simply 
a lessened degree of alkalinity 

2 Alkalosis is the presence in the blood and tissues of an amount 
of alkali sufficient to raise either the pH or the alkali reserve, or both, 
above the normal limits It is not as frequent as acidosis, but should 
be recognized 

B Methods of Detection — All the methods discussed below are 
of some value in the detection of acidosis The alkali reserve deter 
nunation is the most valuable The tests for alkalosis are the alkali 
resene estimation , the pH of the blood, and the reaction and total acidity 
of the urine 

1 The alkali reserve estimation, also often called the carbon 
dioxide combining power of_the plasma This is much the most impor- 
tant test in disturbances of acid_basejequihbnum Its value has not 
been sufficiently recognized in the past, and, notwithstanding Jthe sim 
phcitj of the technic of the titration method, it is not > et done nearly as 
often as it should be 

(a) The indications for doing an alkali reserve estimation are 

(1) Xussmaul breathing (deep breathing without cj anosis) 

{2) Coma, in practically every case 

(3) Diabetes mclhtus associated with the excr etion of a cetoarptir 
acid in the unne The presence of acetoacctic acid m the unne is not 
alone a sufficient basis for the diagnosis - osis 

(4) Prolonged or severe vomiting^ 
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(5) All conditions giving rise to a blood urea nitrogen of over 
20 mg per too cc 

(6) The toxemias of pregnancy 

(7) During the prolonged administration of the following drugs 
sodium bicarbonate, magnesium oxide, calcium carbonate, mandelic 
acid, ammonium chlonde, ammonium mandelate, or ammonium nitrate 
Some believe it desirable to study the alkali reserve in patients receiving 
sulfanilamide Patients with ulcer under medical management and 
patients to whom ammonium salts are being administered m large 
doses for their diuretic effect form most of this group Since the 
maintenance of a moderate acidosis seems essential for the diuretic 
effect of the ammonium salts, it is onlv necessary to see that this acidosis 
does not become severe 

(8) Ketosis of severe enough grade to show a persistent, strongly 
positive acetoacetic acid test m the unne 

(9) Gastric and duodenal fistula or continuous aspiration of the 
stomach 

(10) Tetany 

(xi) Extensive burns 

If an abnormal alkali reserve figure is found in the above conditions 
treatment should be instituted and alkali reserve estimations repeated 
at intervals of a few hours until they approach normal As long as 
the above indications are present whether the alkali reserve has been 
previously normal or not, the estimations should be repeated at least 
once a week 

The results are expressed in terms of the alkali reserve figure which 
is the number of cc of dry carbon dioxide (measured at o° C and 760 
mm ) which can be held in chemical combination, excluding dissolved 
carbon dioxide, by 100 cc of plasma after exposure to an atmosphere 
containing 5 5 per cent carbon dioxide {alveolar z^ir^at 20° C 

(b) Normal values are 50 to 8q_for„adults.and 40 to 60 ion-infants, 1 
>oung children, and women during the last four months of pregnancy 

(c) Interpretation of Pathologic Results — Either acidosis or alkalosis 
may exist in the presence of a high, normal, or low alkali reserve figure 
Theoretically, then, in order to state the true condition of acid base 
equilibrium present, it is necessary to know not only the alkali reserve 
figure, which indicates the bicarbonate level in the blood plasma, but 
also either the pHor the partial ^pres sure of dissolved carbo n dioxide, 
which indicates the carboni c acid lev el in the blood plasma Practi 

* Holman A and Mathieu A Blood Chemistry Studies of Normal Newborn Infants 
II Blood Sugar and Alkali Reserve E stimations Am J Obst andGynec 27 95-98 (Jan) 
1934 These authors have shown that the blood sugar and alkali reserve figure of the 
mother and infant are the same at hirth 
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call} , howexer, the only exceptions to the rules that a low alkali reserve 
figure indicates acidosis requiring treatment, and a high alkali reserve 
figure lndicateTalkaTosis’ requiring treatment are a primarj increase or 
decrease m the carbon dioxide tension in the blood 

(1) Pnmary Decrease — This may be caused by h>perpnea not 
due to increased carbon dioxide or acid in. the blood (e g , the hyperp 
nea of high altitudes, fever, hot baths, voluntary hyperpnea, and that 
occurring as a form of h>stena or as a rare post lethargic encephalitis 
syndrome) Cyanosis does not occur In this form a “washing out” 
of carbon dioxide from the blood occurs which is compensated by 
excretion of bicarbonate with lowering of the alkali reserve Since 
this tends to keep the pH normal, it is desirable and alkalies are not 


\ 

CN 


indicated 

(2) Pnmary Increase — Cjanosis is present in this group which 
includes all types of asphyxia, opium poisoning, deep anesthesia, the 
ejanosis of cardiac or pulmonary disease, etc This is compensated 
by a nse m the alkali reserve which tends to maintain the pH normal 
This nse is, therefore, desirable and does not require treatment 

Both conditions are due to pnmar> variations m dissolved carbon 
dioxide (H2CO3), tend to be temporary, are easily recognized clmi 
cally, and do not constitute indications for doing an alkali reserve 
estimation but rather for correction of the condition leading to the 
altered carbonic acid level of the blood 

Practically, therefore, if the above exceptions are ruled out, alkali 
reserve estimations may be interpreted as follow s 
k 40J0 50, mild acidosis with no clinical symptoms 
^ 30 to 40, moderate acidosis with definite symptoms 
^ 2 to 30' severe acidosis Patients are usually in coma or on the 
verge of coma Only immediate and efficient treatment will produce 
recovery if the figure is below 16 


80 to 90, mild alkalosis usually not associated with symptoms 
90 to 120, marked alkalosis usually associated with symptoms of 
tetany The causes of acidosis and alkalosis are discussed under C 
and D below 


The carbon dioxide content or sodium bicarbonate concentration of the plasma 
is sometimes determined instead of the alkah reserve figure The results of the 
carbon dioxide content determination are expressed as the cc 0! dry carbon dioxide 
measured at o° C and 760 mm which are held in chemical combmation^excluding 
dissolved carbon dioxide by 100 cc of plasma of venous - or arterial blood The 
normal values are 50J0 80 lot xenous and 40 to_j5 for arterial plasma The corre 
sponding values expressed as millimols of sodium bicarbonate per liter are 20 to 35 
for venous plasma Since these determinations are much more difficulTtfiaSTFe 
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titration method for carbon dioxide capacity and the interpretation is much the 
same, these determinations are chiefly of research interest (See Peters, J P , 
and Van Slyke D D Quantitative Clinical Chemistry Vol I and II The 
Williams and Wilkins Co Baltimore, 1931 for a detailed discussion ) 

2 The pH of the Blood —Accurate determinations require meticulous technic 
to prevent loss of carbon dioxide and expensive equipment and are not practical 
for clinical purposes Glass or quinhydrone electrode pH meters are necessary 

(a) Normals — It remains quite constant at 73 to 7 5 Frequently the pH is 
normal when the patient has acidosis or alkalosis SecTsummancs of states of 
acid base equilibrium (X below) 

(b) Pathologic Results — A pH of 7 o to 7 3 indicates marked acidosis A pH 
of 7 s to 7 8 indicates marked alkalosis Figures significantly below 7 o or over 
7 8 are incompatible with life Hence, even in the most marked acidosis the blood 
is not actually acid 

3 Total Acidity and Reaction (pH) of the Unne — The reaction of the unne 
is usually included m a routine unnalysis although so many vanables affect the pH 
that such a determination on a single sample is practically valueless To be of 
any value at all the reaction or the total acidity must be determined on a portion 
of the mixed 24 hour unne which has been collected under toluol The reaction 
depends largely on the relative proportions of acid forming and base forming 
matenals ingested, but shows major daily fluctuations, such as the alkaline tide 
dunng digestion even m normal individuals When to th esc fluctuations are added 
the effects of drugs and in many instances, of decomposition changes occurring m 
the bladder or, more often from improper preservation after the unne is passed, and 
the fact that litmus paper gives only a very approximate idea of the pH the fallacy 
of depending on the reaction to litmus paper as ordinarily determined on a casualty 
collected specimen becomes apparent Studies of the pH and total aciditj are 
occasionally indicated m following the effects of dietary or drug treatment, or as a 
supplement to the alkali reserve estimation in acidosis or alkalosis The pH should 
be studied daily in patients under treatment for cystitis and pyelitis to make certain 
that the acidity or alkalinity desired is being attained 

(a) Normal values — These are a total acidity of 150 to 400 cc of tenth normal 
sodium hjdroxide to neutralize to phenolphthalein the entire 24 hour unne and a 
pH within the range of 5 1 to 7 o 

(b) Interpretation — If no great preponderance of acid or base forming material 
is being ingested or injected a pH of less than 5 o at all times of day or a total r cidity 
of over 500 indicates a tendency to acidosis and a pH of over 7 o at all times of day 
or a total acidity under too indicates a tendency to alkalosis if aramomacal dccom 
position and impaired renal function are excluded Mandehc acid or methe -amine 
is ineffective as a urinary antiseptic unless the unne pH can be maintained below 
S 4 1 Sulfanilamide is more effective in controlling infections in the unnary tract 
if the unne is kept alkaline 

4 Total Nitrogen and Ammonia Nitrogen Estimations in the Unne— This 
should be done on an accurately collected 24 hour sample of unne preserved with 
toluol The ammonia nitrogen should be calculated as per cent of the total nitro- 
gen This is of some value m acidosis and in severe liver diseases 

1 Helmholz H F The Effectiveness of Methenarainc as a Unnary Antiseptic at 
Vanoua Hydrogen Ion Concentrations J Fed t 73-81 (July) 1932 
See references to cystitis and pyelitis on page 49 
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The total nitrogen estimation on the •’4 hour unne (plus i gm lor the nitrogen 
excreted in the stool) multiplied by 6 25 gives the most accurate figure for the 
amount of protein being metabolized This estimation is, therefore essential for 
all accurate studies of protein metabolism, since part of the protein ingested may 
not be absorbed Part of the nitrogen ma> come from body proteins that are being 
utilized or there maj be nitrogen retained in new tissue that is being formed The 
nitrogen balance is determined by comparing the nitrogen of the food (protein 
divided by 6 25) with the nitrogen excretion (total nitrogen of the unne plus 1 gm 
for the nitrogen in the feces) If these figures are approximately equal the individ 
ual is said to be in nitrogen equilibnum if less nitrogen is excreted than is absorbed 
the balance is said to be positive, and if more nitrogen is excreted than is absorbed 
the balance is aid to be negative Tor persons who are expected to be in nitrogen 
equilibnum it is customary to calculate the protein of the diet by multiplying the 
nitrogen of the 24 hour unne plus 1 o gm for the nitrogen of the feces by 6 25 
which figure represents the actual grams of protein being metabolized 

(a) formal rallies — About 05 gm of ammonia nitrogen is excreted per day 
and from 6 to 20 gm of total nitrogen depending on the diet About 5 per cent 
of the total nitrogen is ammonia nitrogen Over 10 per cent is definitely pathologic 
Crowing children and convalescents from wasting diseases should show a positive 
nitrogen balance all others should be in nitrogen equilibrium 

(b) Interpretation 0/ Pathologic Results — (1) Ammonia nitrogen constituting 
more than 10 per cent of the total nitrogen occurs in the following conditions 

(a) Severe cases of all types of acidosis except that due to impaired renal 
function 

(b) Severe diffuse liver damage such as occurs in eclampsia acute yellow- 
atrophy phosphorous poisoning etc 

(e) In ammoniacal decomposition of the urine such as occurs in some types of 
cvstitis and pyelitis these changed proportions will be found but always with an 
alkaline unne and pyuria In groups (a) and (b) the unne will be acid 

Ammoniacal decomposition occurring after the unne is passed makes the results 
valueless and of course will not occur if the unne is collected under an efficient 
preservative 

(2) A negative nitrogen balance indicates a loss of tissue protein (muscle) and 
efforts should be made to increase protein absorption tn such cases The causes are 

1 irst a deficient protein intake or absorption as in stars ation (stenosis of esoph 
agus vomiting diarrhea etc) or improperly balanced diets (less than two 
thirds gram of protein per kilo in adults less than one to three grams of protein per 
kilo in chtldren, the requirement decreasing at periods of slow growth and increasing 
at periods of rapid growth) 

Second an eicessiv e protein metal>oh$m such as occurs in all the wasting diseases 
(tubcrculss t mahgnancv prolonged fevers etc) 

Third in extensive muscular atrophies and in Simmond a disease (pituitary 
cachexia a verv rare condition) 

5 The Alkali Tolerance Test of SeUard*. 1 — This is of some value In mild cases 
of acidxsis where the patient it well enough to cooperate It has the advantage 
that o"e Is a Irrfmstenrg treatment at the same time that one Is doing the test 


• 1 a’rwr \\ 
MWh I rwnt 
([>*« ) IQl 


\\ art I \ an Mike l» I> I rUuxrihp Utween Alla'l Ktir&tma in! 
H \ tml an! utkr ladistluals J |I»J Chen. 4WJ°< 
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It is contraindicated in cases showing impaired renal function because of the danger 
of producing alkalosis before a change in pH occurs 

(a) Normals — io gm or less of sodium bicarbonate produces a change in pH 

(b) interpretation of Pathologic Results —A requirement of 12 to 30 gm indi 
cates mild acidosis with no clinical symptoms 

A requirement of over 30 gm indicates more severe acidosis with clinical 
symptoms 

It is wiser, however, to use this test only in cases of mild or doubtful acidosis, 
and to stop giving alkali and to do an alkali reserve estimation if a distinct change in 
reaction does not occur after 10 grams of sodium bicarbonate have been 
administered 

6 Carbon Dioxide Tension of the Blood — This may be determined directly on 
the venous or artenal blood by the point of junction for the figures of the carbon 
dioxide combining power and the pH in figure 2 or by the determination of the 
carbon dioxide tension of the alveolar air which is in equilibrium with artenal blood 
While the total amount of carbon dioxide eliminated in a given time is much 
increased in acidosis the minute volume of air passing in and out of the lungs is so 
greatly increased that the actual percentage of carbon dioxide in the expired air is 
decreased Marriott has devised a simple method which gives a roughly quantita 
tive estimation of the percentage of carbon dioxide present It is not nearly so 
reliable as the alkali reserve estimation Results are expressed as partial pressure of 
carbon dioxide in mm of mercur> Strict normals are 40 to 45 mm Results 
between 30 and 3s mm indicate mild acidosis, below 20 mm severe acidosis if 
respirator) stimulation of other types (caflem, lowered oxygen tension in the 
inspired air, etc ) can be excluded High values occur when the respiratory center 
is depressed (morphine poisoning etc ) or any cause of carbon dioxide retention, 
such as drowning tracheal occlusion, atelectasis pneumonia etc is present A 
tension above 80 mm of mercury can persist only a very short time before death 
occurs 

The method can be used to advantage as a guide in regulating the carbon dioxide 
content of oxygen tents and chambers in the newer therapy of pneumonias, 1 by 
inserting a tube of the indicator buffer mixture in a shunt circuit for frequent or 
constant sampling of the gas mixture 

7 Lactic Acid in the Blood — The methods* are unfortunately too difficult for 
clinical use Normal values are about 15 to 2s mg per 100 cc Lactic acid estima 
tions as high as 100 to 200 mg have been reported after severe muscular exerase 
and m lactic acid acidosis 


C Causes of Acidosis — 1 Severe and Prolonged Ketosis — 
Diabetes mellitus and starvation are the most important causes of this 
type of acidosis, but any of the causes mentioned under ketosis may he 


1 Henderson Y Haggard H W , Coryllos P N and Birnbaum G L The Treat 
ment of Pneumonia hy Inhalation of Carbon Dioxide Arch Int Med 43 72-91 (J an 1 
•930 , 

Friedemann T E Cotomo Maghenta and Schaffer, P A T r 

Acid J Biol Chem 73 335 (May) 1927 

Wendel W B A Note on the Determination of T Ar J 

Chem 102 47 (Sept ) 1933 
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responsible This type of acidosis is usually recognized clinically The 
laboratory findings are a low alkali reserve, acetoacetic acid in the urine 
and ammonia nitrogen over ro per cent of the total nitrogen 

2 Deficient Excretion of Normally Formed Acid —(a) The 
kidneys are unable to eliminate excess of actd radicles from metabolism of 
the food ingested Any type of impaired kidney function may lead to 
acidosis of this type Ketosis is usually absent, and ammonia nitrogen 
is not increased m the urine Many clinicians fail to realize the 
importance of ahv ays testing the alkali reserve in these cases and treat 
mg the acidosis when xt is detected 

The laboratory findings are a blood urea nitrogen of 20 mg or over, 
and a low alkali reserve 

Impaired kidney function leads to difficult) in excreting either 
excess of acid or of base, hence the alkali reserve may be normal, 
increased, or decreased and shows no constant relation to the severity , 
of the renal impairment However the more severe the renal impair- 
ment the more frequently should the alkali reserve be determined, 
because slight changes in the ratio of acid to base forming materials 
taken m produce tremendous fluctuations in the alkali reserve The 
author has seen a patient with severe renal damage due to mercury 
poisoning on the verge of death from acidosis three times and from 
alkalosis twice within a single week When the acid and alkali intake 
were adjusted under the guidance of frequent alkali reserve estimations 
so as to keep the plasma bicarbonate level normal, this patient recovered 
completely, although she had taken many times the reputed lethal dose 
of mercury 

(b) Asphyxia from any cause (disease of lungs tracheal stenosis cardiac failure, 
etc ) The acidosis is due to the retention of carbon dioxide as carbonic acid and to 
the deficient oxidation of lactic acid m the tissues This disappears as soon as the 
cause is removed so that it is less important clinically than the other types Mor 
phine poisoning is a typical example of this type Laboratory tests for acidosis 
are not indicated 

3 Deficient oxidation of normally formed acid, chiefly lactic acid This may 
be due to 

(a) Sloued circulation (as in dehydration, cardiac decompensation), or loiv blood 
volume after large acute hemorrhage 

(b) Deficient aeration of the blood in the lungs as in certain respiratory diseases 

(c) Insufficient hemoglobin to carr> the necessary amount of oxygen as in 
anemias 

(d) Excessive production of lactic acid as after very violent muscular exerase 

Acidosis is of relatively minor importance in this group and disappears on treat 

ment directed at the underlying cause The conditions are easily recognized dim 
callj and laboratory tests for acidosis are unnecessary 
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4 Conditions in Which Increased Acid Production, Decreased 
Oxidation of Acid, and Decreased Elimination of Acid All Play a 
Part —(a) Prolonged nausea and vomiting from any cause, but especially 
the pernicious vomiting of pregnancy Ketosis and dehydration 1 are 
most important here There is also a tendency to alkalosis due to the 
loss of h> drochloric acid from the stomach so that an alkali reserve 
estimation should always be nude High intestinal obstruction is 
especially apt to result in alkalosis 

This group is very important as here several opposing factors 
operate Large fluctuations in the state of acid base equihbnum 
may occur in a short period of time The alkali reserve may be low, 
normal, or high irrespective of the seventy of the underlying condition, 
but if not maintained as nearly normal as possible, acidosis or alkalosis 
may contnbute to or cause a fatal outcome Other laboratory findings 
of importance are oliguria, ketosis, increased urea nitrogen m the blood 
low blood chlorides and increased ammonia nitrogen in the urine 
Intravenous or rectal administration of sufficient quantities of dextrose, 
sodium chloride, and water to maintain the above laboratory findings 
within normal limits produces striking clinical improvement 

(b) Severe diarrheas, especially Asiatic cholera and the severe 
diarrheas of children Dehydration is the most important factor 
here, but loss of alkali through the bowel, ketosis from deficient car 
bohydrate absorption and toxic kidney injury also play' a part 

Oliguria and a low alkali reserve are the most important laboratory 
findings but urea nitrogen retention and ketosis may also occur Intra 
venous injection of fluid, dextrose and sodium bicarbonate (the latter 
must be sterilized m an autoclave or in an atmosphere of carbon dioxide 
to avoid changing it to carbonate) are indicated in sufficient dosage 
to keep the laboratory findings normal 

In both (a) and (b) very frequent alkali reserve estimations are 
necessary to avoid over or under treatment 

(c) In pneumonia , following anesthesia, and after severe burns 
of the skin an acidosis may develop due in part to dehydration and 
asphyxia, in part to ketosis and toxic kidney injury, but chiefly to the 
production of other aads which have not as yet been identified 

5 Ingestion or Injection of Acid or Acid-producing Substances 
(a) Methyl Alcohol Poisoning — Formic acid is produced m metabo 
hsm 


(b) Overdosage 
moderate acidosis 

‘Mamott W M 


of Ammonium Chloride or Calcium Chloride — A 
is essential to the diuretic action of these drugs, 
Aniydremia Ph> siol Rev 3 373-194 (April) 1913 
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but they should be temporarily discontinued if the alkali reserve figure 

goes below 30 

(c) Accidental or suicidal ingestion of strong acids in considerable 
quantities 

6 Cyclic Vomiting of Children — Ketosis is present and severe 
vomiting is the most outstanding clinical symptom When this condi- 
tion is suspected, the degree of acidosis should be determined as soon as 
possible by an alkali reserve estimation, then treatment should be 
started at once, as death may occur early Roentgenographic study 
after a barium meal reveals peptic ulcer m many children with this 
syndrome 

It is possible that hypoglycemia 1 is a factor in this condition as 
w ell as in the pernicious vomiting of pregnane} Therefore, blood sugar 
estimations should be done in such cases 

7 The Toxemias of Pregnancy (Chapter XI) — These may be 
associated with a marked acidosis requiring treatment This must not 
be confused with the physiologic slight lowering of the alkali reserve 
which occurs in the last months of normal pregnancy and requires no 
treatment 

8 Anaphylactic Shock — This has been reported to give an 
acidosis with a lowered alkali reserve and to show clinical improvement 
on administration of alkali 

Note Treatment of acidosis should be directed first toward removal 
of the cause, combined with ample fluid intake to prevent oliguria 
and a sufficient dextrose intake (with insulin if necessary) to prevent 
ketosis and to establish a glycogen reserve in the liver If ketone 
bodies are not present or disappear from the urine and the alkali 
reserve estimation is still under 35 the administration of sodium 
bicarbonate, sodium citrate, 2 or sodium lactate* will prove beneficial 
This will only occasionally be necessary in diabetic acidosis, but treat- 
ment with alkalies is essential in the acidosis of impaired Lidne} func 
tion, and is desirable in most forms of acidosis not associated with 
ketosis Calculate the dosage according to the following formula of 

‘Griffith J P C Hypoglycemia and the Convulsions of Early Life JAMA gr 
1526-1529 (Nov r6) 1929 

* Cape Jane and Sevnnghaus E L The Rate of Change of Alkali Reserve after 
Ingestion of Salts of Organic Compounds II Rate of Change of Alkali Reserve after 
Ingestionof Sodium Citrate and Sodium Bicarbonate J Biol Chem 121 549-5S9 (Nov ) 
*93? 

* Hartmann A F Treatment of Severe Diabetic Acidosis A Comparison of Methods 
with Particular Reference to the Use of Racemic Sodium T actate Arch Int Med c6 
413-434 (Sept ) 1935 
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Palmer and Van Slykc 1 as excessive dosage is apt to cause an alkalosis 
and has brought this therapy into disrepute 

Rise in alkali reserve desired 2 times kilograms of body weight 
38 

the correct dosage in grams of sodium bicarbonate 


g Sulfanilamide — In patients receiving large doses of sulfamla 
mide the alkali reserve is often low Some* believe this indicates an 
acidosis and recommend giving alkalies, but Hartmann, Perley and 
Barnett , 4 with whom I agree, believe that this lowered alkali reserve is 
the result of excretion of base to compensate for an alkalosis of the 
primary carbon dioxide deflat type, resulting from hyperventilation 
produced by sulfanilamide 

D Causes of Alkalosis — 1 Increased intake of alkali as food 
or drugs, or poisoning with strong alkalies 

This occurs most commonly in the medical treatment of peptic 
ulcer 6 but is less apt to occur if insoluble alkalies such as calcium 
carbonate are substituted for sodium bicarbonate It may also result 
from uncontrolled alkali treatment of aadosis or of nephritis, or from 
the Martin Fisher regime for overcoming edema, or in patients taking 
basic diets such as were advocated by Sansum and Blathermck 
In the author’s experience all such therapy is safer for the patient and 
gives better clinical results if the alkali reserve figure is not allowed to 
exceed the normal limits 

Impaired renal function of all types showing nitrogen retention 
greatl> predisposes to the development of alkalosis as well as of acidosis 
and the reaction of the urine is an unrehable criterion of the state of 
acid base balance in these cases Hence, such cases should have 
very frequent alkali reserve estimations if alkali therapy is being given 
Alkalosis itself may produce impaired renal function 

2 Excessive Loss of Acid or Chloride from the Body — (a) Loss 
of Hydrochloric Acid — -This is a very important cause of alkalosis It 
may be due to severe vomiting, particularly that of pyloric stenosis or 


1 Footnote 1 p 81 

* The alkali reserve figure desired minus the alkali reserve figure observed equals the 
rise in alkali reserve figure desired 

' Long P H and Bliss Eleanor A Totic Manifestation of Sulfanilamide Ann 
Surg 108 808-812 (Nov ) ipj8 

Southworth H Acidosis Associated with the Administration of Para amino benzene 
uUonamide (Prontylm) Proc Soc Exper Biol A Med 36 58-61 (Feb ) 1937 , 

, _ * la rttnann A F Perley A M and Barnett H L Study of Some of the Physiological 
effects of Sulfanilamide Changes in Acid Base Balance J Clin Investigation 17 
65-472 (July) 1938 

\ ‘Gatewood, IV E etal Alkalosis m Patients with Peptic Ulcer Arch Int Med 4* 
^rios (July) 1928 
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of high intestinal obstruction , 1 to gastnc or duodenal fistula," or profuse 
perspiration Other chemical changes that occur are a decrease in the 
blood chlorides and an increase m the blood urea nitrogen A marked 
ketosis from deficient carbohydrate intake may co exist with a severe 
alkalosis or may maintain the alkali reserve normal or produce an 
acidosis If alkalosis is allowed to progress, the clinical syndrome of 
gastric tetany will occur (presumably due to a deficiency of calcium in 
ionic form although the total and diffusible calcium may be normal) 
Ammonium or sodium chloride should be given intravenously if the 
measures outlined above and by McVicar 1 do not promptly bring the 
alkali reserve within normal limits 

(b) Excessive loss of carbonic acid as carbon dioxide through the lungs This 
may occur from voluntary forced respiration, from hjstencal or post encephalitic 
hyperpnea, at high altitudes, during fever, or from hot baths It is quickly com 
pensated by decreased respiratory loss of carbon dioxide or by excretion of base 
It is the only type of alkalosis which may coexist with a normal or low alkali reserve 
figure, but as these conditions are easily recognized clinically laboratory tests 
which might prove misleading are not indicated 

\I SUMMARY OF THE STATES OF ACED-BASE EQUILIBRIUM 
WHICH MAY OCCUR 


In the following summary bicarbonate stands for the total alkali reserve, and 
H,CO| for the acid substances (mainly carbon dioxide m solution and acid 
phosphate) in equilibrium with the basic material N means normal N-f 
means high normal N — means low normal X and Y refer to variable quanti- 
ties of bicarbonate and carbonic acid When the same letter occurs above and 


below the line, it means that the quantities of bicarbonate and carbonic acid, 
respectively indicated, are equivalent In ratios l to 10 below, the number 
corresponds to the area having the same number m the accompanying chart 
(Fig 2) Whenever there is a primary decrease or increase in either bicarbonate 
or carbonic acid this is compensated first by a change m the other factor sufficient 
to bnng the pH within normal limits, the condition being represented by areas % 
or 3 Then there occurs a more gradual return to normal conditions represented 
by area 1, usually only after the cause of the initial deviation is corrected Conse- 
quently, only very acute or very severe changes will produce a status of acid-base 
equilibrium not included within the lines representing pH 7 3 and 7 5 


Bicarbonate H 
1 H,CO* N 


= pHH 


This is the normal condition 


Bicarbonate N — X 
3 H,CO, N - X 


pH N This usually Indicates acidosis due to a 


primary lowering of bicarbonate as in ketosis or w impaired renal function. This 
is much the most common form of acidosis It is treated by combating ketosis, 


MIcNicar C S and Weir I F Nature and Treatment of the Tox«nu oil n test mil 
Olntructi >n amt Item JAMA 91 (Match it) 

M\ alter* \\ Ktlcore A M and Bollmao J I Chaneei in ihe 111 **1 Resulting from 
Duodenal I u tula J A M \ M 186-18? (Jan 16I iqi6 
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by increasing dextrose oxidation and by giving alkali This is a compensated 
acidosis o! the alkali deficit type, compensation is by blowing ofi of carbon 
dioxide Deep breathing without cyanosis is the chief clinical symptom The 



initial stage of this form of acidosis is indicated by the small area a expressed by 
the equation 

Bicarbonate N ~ X __ 
iwo; — tr^r- -pHN- 

The condition represented by area i may also result from alkalosis of the 
primary carbonic acid deficit type such as occurs from forced respirations 
Alkali is excreted to compensate so that the lowered alkali reserve is desirable 
Do not give alkali This form is unimportant clinically The initial phase of 
this condition is represented by the small area b expressed by the equation 


Bicarbonate N — 
HjCO* K - X 


= P HN + 


1 The area outside of the heavy fine representing a pH of J 8 a carbon dioxide tension 
of io an alkali reserve of ro and a pH of 7 o represents states of acid base equilibrium 
which are incompatible with life A carbon dioxide tension above 80 is incompatible *»tti 
life if of more than a few minutes duration 
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3 4 * - X = pH N This condition usually results from a pn- 

HiCOj N + x 

mary mcrease In bicarbonate as after large dosage of alkalies, basic diets, or loss 
of hydrochloric acid It is most apt to occur if impaired renal function co-exists 
It is compensated by slowed respiration and retention of HjCO, No cyanosis 
occurs This compensated alkalosis is the most common form The initial 
stage is represented by the small area d expressed by the equation 

Bicarbonate N + X , 

HiCOj + 


The condition represented by area 3 may also result from a primary increase 
in HjCO* as in morphine poisoning, asphyxia, emphysema and other causes of 
cyanosis This Is the only condition in which the alkali reserve is increased In 
which treatment for alkalosis is not indicated This condition results from 
compensation of an acidosis of the carbon dioxide retention type by selective 
retention of base and excretion of add by the kidney The condition in acute 
asphyila Is represented by the area c expressed by the equation 


Bicarbonate N + 
H,CO, N+X 


pHN 


4 ^ *= pH greater than N Uncompensated alkalosis 

This is the first stage after ingestion of alkali Some cases belonging to this 
group will fall in the area e expressed by the equation 


Bic arbonate N -f 

H,COi N - 


pH greater than N 


This compensates to 3 by slow ed respiration and carbon dioxide retention But 
if the excessive intake continues so rapidly that it cannot be compensated, this 
goes over into the fatal stage (9 page 90) 

Bicarbonate N ... 

5 Il 7 co 7 iC+Y " pH ess than " Temporary uncompensated acid- 

osis This is the first stage of carbon dioxide retention as In therapeutic 
carbon dioxide administration, drowning, tracheal ocduslon and other causes of 
acute cyanosis Alkali is retained and it compensates to 3 This is the only 
form of acidosis in which the alkali reserve is normal and laboratory tests are 
not necessary for diagnosis. 

Bicarbonate N -XV , T _ . , . . 

6 h 7 C 07 rT^X This is the/ofo! stage oj uncom 

pensated codons (generally diabetic or nephritic) The body is unable to 
compensate the very tow alkali reserve The patient is usually in coma and 
will die if treatment la not Immediately instituted It is theoretically possible 
that a very few cases belonging to this group might develop very rapidly and have 
a complicating condition auch as emphysema preventing the compensating loss 
of carbon dioxide They would fall In the area / expressed by the equation 


Bicar bonate N — X 
II«CO, N 


- pH less than N 


The prognosis in such cases would be exceedingly bad 
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Bicarbonate N — X 

7 y ~ pH less tha 11 N Uncompensated actdosis such as 
occurs m very deep anesthesia These patients recover with artificial resptra 
tion, compensating to i or 2 by loss of carbon dioxide through the lungs and 
retention of base Most of these cases probably pass through states of acid-base 
balance corresponding to areas c and 5 on going under the anesthetic and 
to / and a on coming out 

„ Bicarbonate N „ , 

8 ^ = pH greater than N This is temporary uncompen- 

sated atkalosis from hyperpnea as at high altitudes or from over-breathing It 
compensates rapidly to 2 by excretion of base, and so is rarely found Theo- 
retically, forced hyperpnea such as occurs as a rare post-lethargic encephalitis 
syndrome if associated with renal impairment sufficient to prevent adequate 
compensatory excretion of base might give nse to the condition of uncompensated 
alkalosis represented by area g and expressed by the equation 

Bicarbonate N — X „ . .. .. 

hTcO, r^XY " P H E' Mter th “ N 


This would be the only type of alkalosis in which the alkali reserve could be 
lower than normal It is doubtful if it ever occurs It is also theoretically 
possible that overdosage of alkali in a patient with the above mentioned syn 
drome might produce the condition corresponding to area h and expressed by 
the equation 


Bicarbonate N + Y 
HjCO, N - X 


pH greater than N 


For practical purposes this is so unlikely that it may be regarded as not occurring 

9 H^O^ 0133 * 6 if “ PH greater than N This is the fatal stage of 
uncompensated alkalosis It should never occur if the administration of alkalies 
is controlled by alkali reserve estimations 

Bicarbonate N + X . . , „ 

10 rc +~XY = PH * ess ^ ian H This is uncompensated act 

dosis due to a sudden nse in HjCO j without as yet a corresponding rise m bicar 
bonate It is probably always temporary and due to acute severe asphyxia 
superimposed on a chrome asphyxia such as occurs when an acute pulmonary 
edema complicates an emphysema It is a form of acidosis in which the alkali 
reserve is increased 

The vast majority of all patients studied will be found to belong in groups 
1,2, and 3, or their subdivisions 

Groups 4 to 7 are important but temporary conditions as they tend either to 
compensate or to lead to death 

Group 8 is unimportant, its subdivisions and groups 9 and 10 should never 
occur 

The exact condition of acid-base balance of any patient can be determined 
by reference to the chart, if one knows any two of the three variables the alkali 
reserve estimation, the pH, and the carbon dioxide tension The third variable 
may be determined from the chart as that point corresponding to the inter- 
section of the coordinates of the two known factors For clinical purposes 
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however, the alkali reserve estimation together with the results of a history ami 
physical examination is satisfactory and more practical 

XII MISCELLANEOUS TESTS OCCASIONAIU DONE IN 
DIABETES MELL 1 TUS 

A The D to N Ratio — I or several tins the pitinit is put on a diet consisting 
entirely of protein lhc dextrose and nitrogen arc estimated qimutltutlvcU In the 
24 hour unne each day and the ratio of dextrose to nitrogen calculated i lie results 
arc used only when the ratio for two or time day sin succession Is umstaut As the 
body is able to form about 5S gm of dextrose from 100 gm of protein and roo gm 
of protein is equivalent to 16 gm of nitrogen (100 div Ided b> f> 0 "e know tlint a 
ratio of 3 65 to 1 (58 to r6) meins that the p itlcnt is unable to oxidize any dextrose 
at all Before insulin was avuhble, any ratio over 3 \ to t was considered fatal 
There is, of course no normal ratio since all the dextrose is oxidized 1 lie test was 
formerly used as an aid to prognosis but the determination of the patient a dalh 
dextrose oxidizing ability or insulin coefficient gives nimh the nunc Information In a 
safer way The chief disadvantage of the I) to N ratio determination Is that the 
high protein diet is very bad for the patient 

It Diasiattc Activity— Hus value, ns measured by the quantity of starch which 
can be converted by the blood into dextrose in n given time Is somewhat Increased 
in diabetes mclhtus It is not often determined at present as the blood stif ar estl 
mation and the dextrose tolerance curve arc of greater diagnostic value Very high 
or very low diastatic activity of the blood suggests disease of the pancreas but nor 
mal values arc common even with extensive pnncrentlc disease 

C The Blood Fat and Chofejferof — Ihesc arc often elevated In diabetes gome 
times resulting in a gross hpcmix (turbid or even milky looking plasma) ( hmiitltn 
tive estimations of these substances are interesting from an experimental standpoint, 
but arc not necessary for diagnosis I he prognosis Is g lid to be wor>r In cases with 
lipcmia or hypercholesterolemia (Sec blood cholesterol chapter II ) 

XIII GRADES OF DIABITES MIT LITU 3 
A Early or Incipient Diabetes Occasional tracts of dixtrose 
occur in the unne I he fisting blood sugtr vanes from normal to 1 so 
mg The dextrose tolerance test shows 1 low chain tlr curve 

B Mild — Dextrose and acetone nre mu illy present in tin urine 
The fasting blood sugar is 150 to 250 mg 1 In alkali rc si rv < is normal 
C Moderate —Dextrose acetone, ind aretoacetie acid arc present 
in the unne The fasting blood sugtr is 250 to joo mj lhc alkali 
reserve figure is 40 or over 

D Severe -Much dextro c, acetone and arc loan tic add an 
present in the unne The fasting blood suy ir is joo to noo mg per 
100 cc The alkali reserve figure is 30 to jo 

E Impending Coma - Ibis demand- 1 * * 

ando«ts The alkali reserve figure is * 
arc the same as m I) (^tc ( haptcr < 
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These descriptions apply to untreated cases The seventy of 
treated cases is best determined by the dextrose oxidizing ability test 
or the insulin coefficient 

XIV LABORATORY CRITERIA FOR THE TREATMENT OF DIABETES 
MELLITUS 

From a laboratory standpoint, if diabetes mellitus is to be regarded 
as controlled, the fasting blood sugar and alkali reserve figures must be 
within normal limits, and dextrose and acetone must be absent from 
the unne In patients treated with protamine zinc insulin a one plus 
reduction in the morning urine is possibly desirable If diabetic coma 
or impending coma is present, chief attention should be directed to 
control of the acidosis as evidenced bj return of the alkali reserve figure 
to within normal limits The ketosis should also be controlled as evi 
denced by the disappearance of acetone from the unne Treatment 
with large amounts of dextrose and insulin should be continued not 
merely until consciousness has returned but until one feels sure that a 
good reserve of glycogen has been stored in the liver During this 
period of treatment hypergl> cemia and glycosuria may be neglected 
without great harm to the patient After the initial blood sugar esti 
mation to aid m establishing the diagnosis, blood sugar estimations need 
not be repeated until the above results are attained, if sufficient dextrose 
is given to maintain a constant glycosuria 

Hypogl> cemia, not h>perglj cemia, constitutes the danger during the 
period of active treatment of coma Quantitative sugar estimations 
would have to be repeated so frequently to detect the rapid fluctuations 
m the blood sugar level due to the large doses of insulin and dextrose 
which are used that it is usually simpler and safer to test the unne for 
reduction every 15 to 60 minutes instead, and to increase the proportion 
of dextrose to msulm if reduction does not occur and decrease it if four 
plus reduction occurs 

In patients with diabetes mellitus who are not in immediate danger 
of coma, hyperglycemia and glycosuria should cause one to consider the 
advisability of reducing the carbohjdrate intake, increasing the msulm 
dosage or, if glycosuria occurs onlj at one time of day as determined by 
the fractional reduction test, of readjusting the dosage of insulin or the 
relative proportions of carbohydrate in the meals The latter procedure 
is usuall> more effective if protamine zinc insulin is being used Ace 
tone in the unne should cause one to consider the advisability of mcreas 
mg the total dextrose value of the diet or of decreasing its ketogenic 
value If dextrose and acetone are both present increase in insulin is 
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usuall> advisable first, then if the ketosis persists, it maj be combated 
as above directed A decrease in the alkali reserve figure is an mdi 
cation for increase in the dextrose value of the diet with sufficient insulin 
to prevent glycosuria and hyperglycemia and if this acidosis persists 
after ketosis has disappeared (which is rare), an increase in the propor 
tion of base-forming food in the diet or the actual administration of 
alkali is worthy of consideration 

The art and science of the treatment of diabetes mellitus is almost 
a specialty in itself and the few suggestions given above are but a 
part of it The reason for their insertion is to suggest the help which 
laboratory data can give in therapeutics if one learns how to make use 
of them 
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CHAPTER IV 


DISORDERS OF THE DUCTLESS GLANDS WITH ESPECIAL 
REFERENCE TO THE BASAL METABOLISM 1 


I RESUME OF THE ESSENTIAL POINTS IN THE PHYSIOLOGY, 
BIOCHEMISTRY* AND PATHOLOGY OF THE ENDOCRINE GLANDS AND 
THEIR RELATIONSHIP TO ENERGY METABOLISM 


The energy of the body is derived from the oxidation of carbohydrates, 
proteins, fats, or of substances derived from these, such as amino acids, fatty 
acids, and lactic acid Part of this energy is expended as work (muscular con- 
traction), part in other ways, such as chemical changes, but as the laws* of the 
conservation of matter and energy hold true for the living organism as well as 
for inanimate matter, it can all ultimately be accounted for, either as heat or 
potential energy The most convenient measure for this energy production is 
the large calorie, which is defined as the amount of heat required to raise 1000 
grams of water i° Centigrade (from 15 0 to 16 0 ) 

Carbohydrate and fat are completely oxidized to carbon dioxide and water 
within the body under normal and most pathologic conditions Hence, the 
energy derived and the end products produced are the same as those produced 
by the complete oxidation of these substances outside of the body, and may be 
expressed by the following equations 


1 C«H IZ O g (Dextrose) + 60 j — 6H S 0 + 6C0» + 40 calories per 

gram of dextrose, or s 05 calories per liter of oxygen consumed 

2 2C, 7 HnoO» (Tnsteann) + 1630* - iioHjO + 114COJ + 93 

calories per gram of fat, or 4 69 calories per liter of oxygen consumed 


The end products of protein metabolism are, however, not only carbon 
dioxide and water but also nitrogenous substances, chiefly urea, which are 
excreted still incompletely oxidized Hence, protein metabolism within the 
body consumes less oxygen and yields less energy than m the laboratory The 
figures are 4 1 calones per gram of protein or 4 485 calones per liter of oxygen 
consumed Certain of the ammo acids from protein have a tendency to stimu 
late the metabolism, which is not yet fully explained but has been called specific 
dynamic action 


1 DuBois E F Ba*al Metabolism m Health and Di ease Ed 3 Pp 494 Lez&nd 
Febiger Philadelphia 1936 

* ?, cter5 I P aQ d Van Slyke D D Quantitative Clinical Chemistry Vo! I PP 

09 Williams and Wilkins Co Baltimore 1931 , 

r W ° Thompson Phebe X. Taylor S G Nadler S B and Dickie 

Loisf N The Pharmacology of the Thyroid in Man JAMA 104 gjt -977 (** ar 
*935 ,, 

Hanngton C R Biochemical Basis of Thyroid Function Lancet t rafii-t* 
Qune 1) 1935 

* T\ ese laws as n ell as the gas laws of Boyle and Gay Lussac and Avogadro 5 hypothesis 
should be reviewed in any text book on physics if they have been forgotten 
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As a matter of fact energy never will be denv ed entire!} front one food stuff 
The amplest means of calculating the proportions of these different food stuffs 
actually being oxidized is the respirator} quotient It fs the volume of carbon 
dioxide given off, divided by the volume of oxjgen absorbed (both measured 
at the same temperature and pressure) m a particular time interval Knowing 
that equal numbers of molecules of gases occupy equal volumes under identical 
conditions of pressure and temperature, it is apparent from equation i abov e, 
that oxidation of carbohydrate alone w ould give a respirator} quotient of I , and 
from equation 2 it is apparent that oxidation of fat alone Would give a respirator} 
quotient of approximately o 7 The oxidation of protein nlono or of mixtures 
of these food stuffs would give intermediate respiratory quotients The amount 
of energy produced (calones) per liter of oxygen consumed will vary with the 
substances being oxidized and, hence, w-itli the respiratory quotient 

This oxidative metabolism must be maintained at a certain level to maintain 
health, even while at complete rest Any increased demand for energy, such 
as muscular activity, must receive a prompt responso The regulation of the 
level of this oxidative metabolism seems to be chiefly by the hormone of the 
thyroid gland, although other substances Influence it to some extent The exact 
mechanism of the action of this hormone is not known, but It seems to bo a 
catalyst For our knowledge of the chemistry of this substance we are chiefly 
indebted to Kendall and Harington A substance, thyroxin, which is very 
active m its effect on oxidative metabolism has been Isolated and synthesized 
Whether it is the hormone of the thyroid gland or an actlvo group of a more 
complex compound is not yet settled It Is an Iodine-containing compound with 
the following structural formula 



Thyroid hormone equivalent to about 15 mg of this substance must bo present 
m the body of an adult, outside the thyroid gland, to maintain oxidative metabo- 
lism at a normal level There is evidence that it is excreted or destroyed at such 
a rate as to require an addition of hormone equivalent to 0 3 to r 0 mg of thyroxin 
per day to maintain this level 

A considerable decrease in the amount of thyroid hormone in the body in 
early childhood produces the syndrome known as cretinism, later it produces 
the syndrome known as myxedema Slighter deficiencies produce less clear- 
cut changes Increase in the amounts of the hormone produces one of the 
hyperthyroidism syndromes That an iodine deficient or otherwise abnormal 
substance may be produced is a plausible but as yet unproved theory 

The concentration of thyroid hormone in the body outside the thyroid gland 
must be an algebraic summation of its rate of entrance (from the thyroid or by 
medication) and its rate of disappearance (destruction, excretion, storage?) 
The rate of formation of the hormone or its rate of entrance Into the general 
circulation may be increased, decreased, or — **1 Since this hormonr may 
be stored in the colloid of the gland, t ha -nation and rate of entrance 
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Into the circulation are not necessarily correlated Metabolism determinations 
can hope to give only a clue to the concentration fa the body outside the thyroid 
and the trend of that concentration They do not toll whether the increase is 
due to rapid formation with a corresponding rate of entrance into the circulation, 
or to a rapid entrance into the circulation of previously accumulated stores It 
is even theoretically possible that increase w concentration might be due to an 
abnormally slow rate of destruction or excretion, but there is no evidence suggest- 
ing that this occurs 

Conversely, a low concentration may be due to decreased entrance into the 
blood stream (not necessarily associated with decreased rate of formation) or 
to increased rate of destruction There is good evidence that the former process 
is the more important, if not the only one which occurs 

In considering the pathologic background 1 for hypothyroidism or hyper- 
thyroidism and the classification of goiter, the known and the hypothetical must 
be kept separate It seems established that deficiency of thyroid parenchyma, 
whatever its cause, may result in the syndrome of hypothyroidism, and that 
hyperplasia of this parenchyma is often associated with the syndrome of hyper- 
thyroidism It seems possible that deficient function could arise from a deficient 
supply of the "building stones" (iodine, tyrosine?) for the thyroid hormone, or 
that systemic deficiency might be due to excessive storage of the hormone w 
the colloid of the thyroid It has not been proved that the pathologic pictures 
usually classified as various types of goiter are anything but pictures of various 
functional states of the gland Nor has it been proved that these functional 
states are due to a primary cause within the gland There is evidence to suggest 
that unusual need for secretion, deficient or excessive supply of "building 
stones” for this secretion, and other factors outside the gland can profoundly 
modify its gross and microscopic appearance It has not been proved that 
"adenomata” of the thyroid are neoplasms Nor has it been demonstrated 
conclusively that when such nodules are associated with hyperthyroidism, the 
increase in thyroid hormone comes from the nodules and not from the thyroid 
parenchyma outside the nodules 

From this it is apparent that metabolic studies may give great aid in deciding 
as to the level of the thyroid hormone in the body outside the thyroid gland and 
thus aid m forming an opinion as to whether this gland is introducing a diminished 
(hypothyroidism), normal, or excess (hyperthyroidism) amount of the hormone 
into the blood stream, but that they will not tell one the nature of the pathology 
producing this change 

Hormones* of the pituitary also influence energy metabolism, but it is not 
yet known whether this influence is only indirect through thyrotropic hormones 
or is, m part, directly on the tissues The pituitary influences carbohydrate 
metabolism as shown by alterations in the dextrose tolerance curve, variations 
m the ease of producing alimentary glycosuna, the disappearance of most of the 

1 Mennc F R The Thyroid Cland in Hyperthyroidism Arch Path 8 9;>4~97S 
(Dec) tqlQ 

Rienhofi \V I Jr A New Conception of Some Morbid Changes Occurring in 
Diseases of the Thyroid Gland Based on Experimental Studies of the Normal Gland ana 
the Thyroid in Exophthalmic Goitre Medicine i o 57-32 (Sept ) rftjr 

* Russell Jane A The Relation of the Anterior Pituitary to Carbohydrate MetabO 
hsm Physiol Rev 18 1-27 (Jan ) 1938 
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signs of diabetes m pancreatectomized animals when the anterior lobe of the 
pituitary is removed, and the exaggeration of the symptoms of insulin deficiency 
by administration of anterior lobe extracts 

To explain these effects a diabetogenic hormone of the anterior lobe of the 
pituitary has been postulated Its mode of action is not yet known Other 
hormones of the anterior pituitary include a gonadotropic hormone, a growth- 
stimulating hormone, a ketogemc hormone, a thyrotropic hormone, an adreno- 
tropic hormone, a lactation stimulating hormone called prolactin related to the 
maternal instinct, and possibly others affecting fat metabolism The middle 
lobe produces a hormone, intermedin, which passes through the posterior lobe 
and up the infundibular stalk to the region of the hypothalamus where it has a 
profound effect on water and salt excretion Deficiency results m the syndrome 
of diabetes insipidus A great variety of clinical syndromes may arise from 
many possible combinations of excess or deficiency of these various hormones 
and their effects on the other endocrine glands 

The adrenal produces epinephnn and cortin, epinephnn having an action 
similar to stimulation of the sympathetics in producing vasoconstriction and 
glycogenolysis Cortin plays an important role in regulation of the level of 
sodium and potassium The hormone of the parathyroids regulates the level of 
calcium The ovanan hormones, theeim from the follicle and progestin from the 
corpus luteum, regulate the secondary sex characteristics, the menstrual cycle, 
and many of the uterine changes associated with pregnancy The androgenic 
hormones from the interstitial cells of the testis regulate the male secondary sex 
characteristics, while the rate of formation of these hormones by the testes and 
ovanes are, in turn, regulated by the gonadotropic hormones from the pituitary 
The placenta also forms an anterior pituitary-hke gonadotropic hormone and a 
hormone, theelol, similar in structure and action to theeim There is evidence 
that the thymus produces a hormone influencing the rate of reaching maturity 
but this effect becomes evident only after administration through several gener- 
ations Tests for all of the hormones are biologic rather than chemical With 
the exception of the Fnedman test for the anterior pituitary like gonadotropic 
hormone from the placenta, these tests are not practical for use by the average 
physician Endocrinologists are beginning to use them in clinical medicine and 
it may not be long until practical tests fcr excess or deficiency of each hormone 
will be clinically available The effects of excess or deficiency of ms nlm secreted 
by the islands of Langerhans of the pancreas have already been discussed 

II BASAL METABOLISM* 

The basal metabolic rate should be determined in every patient with 
suspected thyroid disease as it is not only the most valuable laborator\ 
diagnostic aid m thyroid disease, but is also of value for prognosis, lor 
following the course of such patients during treatment, and as a guide m 
selecting the best time for operation It is also desirable to determine 
the metabolic rate in the thorough study of patients with pituitary dis 

‘Boothby \\ M and Sandiford Irene Basal Metabolism Physiol Rev a 60-16 1 
tjan ) 1914 ^ 
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turbanccs, obesity, or leukemias and as a guide to therapy with thyroid 
preparations, dimtrophcnol, or dmitro o cresol 

A Definition — Metabolism in this connection includes only those 
metabolic processes that involve the using up of oxygen and the for 
mation of carbon dioxide and water Other types of metabolic proc 
esses such as reduction, hydrolysis, and synthesis arc not gauged to anv 
appreciable extent by the basal metabolic rate determination The 
conditions are such that it represents the minimum heat production of 
which the patient is capable at the time of the experiment Mental, 
physical, and digestive activity arc prevented as far as possible, hence 
the use of the term basal The basal metabolism of the patient, then, 
is the minimum oxidative or heat producing metabolism of which that 
patient is capable while awake and not under the influence of drugs 
B Principles Involved — The first experiments were done with 
calorimeters which measured the actual heat production of the bod) 
This involved costly apparatus and the technic was too difficult for 
clinical use However, b> correlating the oxygen consumption, the 
carbon dioxide output, and the heat production of an individual, it was 
found that, knowing the oxygen consumption or the carbon dioxide 
output and the respiratory quotient, one could calculate very accurately 
the total heat production All the methods that are clinically practical 
depend on this relatively simple procedure of estimating the oxvgen 
consumption or the carbon dioxide output, or both, and calculating the 
metabolism in heat units from these results By experiment it has 
been determined that the oxygen consumption methods give more 
reliable results than the carbon dioxide estimation methods It has 
also been found that for practical purposes the respiratory quotient 
does not have to be determined on each patient but may be considered 
as the average figure of o 82 under the conditions of the experiment 
It is true that this figure will vary slightly in different individuals un ler 
the conditions of the test, but only m patients with diabetes has this 
variation been found to be sufficient to alter the results materially 
Under basal conditions and with a respiratory quotient of o 82, it has 
been further proved that the consumption of 1 liter of oxygen measured 
at o° and 760 mm of mercury will produce 4 825 calories Hence, 
knowing the total oxygen consumed in a given time, the total calones 
per hour may be easily calculated 

C Factors Influencing the Results — 1 Physiologic (a) — 
The Surface Area of the Patient — There is much experimental evidence 
to show that in normal individuals of the same sex and age group the 
basal metabolic rate is more nearly a function of the surface area than 
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of an\ other bod\ measurement 1 hat iv to *a\ , a vhou thm \\\\\\ and 
a heava man of the same age wall have wn dtlluxnt tolM rdotU 
outputs in a given time, but if the calottes per Mpntx* nuUt of hod\ 
surface are calculated for each the result** will ij.t\o IntHt thrth lf v 
for instance, the calorics per kilogram ot both \uight oi pit contlnU'lOt 
of height were calculated Hence nuv't Iiim! nu l tholic tale MrtndtHil* 
are given in calories per square nukv of hmh svnftux l able* htt\\ 
been prepared from which the surf tee tux 1 c vn lie u a»l dltxi ll\ in mpmio 
meters when the patient’s height \nd luiglil tm known In the M'l\ 
obese and in patients with edenn, tlurc is a gu Ui t i nor to the Rttifctu’ 
area as determined from the titbits than in fxrpons of (lit im fit/m 
build If it were possible to im istire H tin lomlnlhm of tola) mt'litb 
ohsm with the total mass of muscle mid glandular tlsstu of I In* limit 
would probably be the best 

(b) .See — The basal metabolism in eulorhs pi t Ripimi* iilidm 
averages about 7 per cent luglur in nun than in wonun of tin piiiik* 
age group Before puberty, the sex dilTc rener Is dlsllml bill h“»s 
marked 

(c) Age 1 — After puberty, the metabolic rale In < ninths jut squint 1 
meter decreases at first rapidly and thin more slow!) tluoiighmil lift 
so that it is about 30 per cent higher at 13 titan It Is nl 7-, Mills of age 
The metabolism of children increases with growth In In Igbl mid Vo Igld 
It shows dose correlation with either hoght, vnlgfit or siiifmi ana, 
corrected to age The calonts per square mettr Inert mi for III* 1 hisl 
12 to 18 months of life, then deert isc thrrcnfb t 

(d) Race 2 — Chinese, Japanese ind oil ut Urholflis nil wild lo 
haxe rates averaging 5 to 10 per cent lower limn tin kng/ (Aub I) 11 
Bou) standards The ^a)as of Vtirifin haw n ba«af hglaboff 10 
averaging about 8 per cent higher than th' llntti •. and tUiiniUl 
standards 
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variations in total caloric requirement per 24 hours at different occupa 
tions For example, while 2000 to 2500 calories may be a sufficient 
intake at sedentary occupations, 5000 or more calories may be required 
at such strenuous work as logging or harvesting This increased 
oxygen consumption may persist for some time after the exertion is 
over The explanation for this, as A V Hill has shown, is that sub 
stances produced by muscle contraction, chiefly lactic acid, may 
accumulate in considerable amounts and the oxidation of these sub 
stances may occur in part after, rather than during, the muscular con 
traction This amount of oxygen needed to oxidize these residual 
metabolites has been called the oxygen debt From this, one can see 
the importance of the period of rest and relaxation before the test if the 
true basal metabolism is to be determined 

Shivering, tremors, chorea, dyspnea, tics, or other muscular activ- 
ity of any kind during the test will, of course, give rise to a rate which is 
higher than the true basal level 

Trained athletes and persons accustomed to severe muscular exer 
tion show a true basal rate about 7 per cent higher than average healthy 
individuals otherwise comparable 

(f) Dietary Habits ^Persons who habitually are on a vegetarian 
or greatly restricted diet gradually develop a lowered basal meta 
bolic rate The majority of such patients studied had rates of —5 to 
— 20 per cent 

(g) Digestion and Absorption 2 — A light breakfast can increase the 
rate 7 per cent A protein free meal may increase the rate 20 per cent, 
while a heavy protein meal, due to the specific dynamic action of the 
protein, may increase the rate 45 per cent Absorption of liquids not 
requiring digestion, such as a dextrose solution, may produce a tempo 
rary increase in the rate of s P er cent, and a cup of coffee may increase 
the rate 15 per cent From these examples the importance of requiring 
a preliminary fasting period is obvious 

(h) The Mental State of the Patient — Ihis makes a great difference 
Worry, anxiety, nervousness, and mental activity increase the rate 
This increase may persist for some hours after intense emotions The 
ideal state for a determination is one of complete relaxation of mind as 
well as of body Demonstrating the apparatus and explaining the 

‘Coons Callie Mac and Schiefelbtiscb Anna T The Diets of College Women in 
Relation to Their Basal Metabolism J Nutr 5 459-465 (Sept >1932 T 

Wakeham G and Hansen L O The Basal Metabolic Rates of Vegetarians J 
Biol Chem 97 155-162 (July) 193* „ . , c 

* Strang J M and McCLugage H B < The Specific Dynamic Action of rood in 
Abnormal States of Nutrition Am J Med Sci ifia 49 0 uly) 1931 
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harmless nature of the test may aid m alia} mg apprehension Sleep, 
either natural or due to morphine, produces a low ered rate 

(1) Menstruation — There is normally a tendency to a slight pre 
menstrual 1 nse and post menstrual fall in metabolic rate, but the 
specific effect is probably too slight to cause clinical error Pain, dis 
comfort, or changes m the emotional state are so commonly present, 
however, that it is better in most instances to defer estimations to the 
mtermenstrual interval 

0 ) Pregnancy — During normal pregnancy 2 the total metabolism 
increases to about 25 per cent abo\e the non pregnant level at term 
and returns to its previous level by about the tenth day after confine 
ment The increase m weight is such that the basal metabolic rate as 
usuallj calculated shows an average increase of only about 10 per cent 
above the previous level and usually does not exceed plus 25 per cent, if 
reliable apparatus and technic are used Almost all of this increase in 
metabolism occurs after the seventh month It appears to be mainly 
due to the extra metabolism of the products of conception, chiefly the 
fetus itself, and not to any specific change in the maternal metabolism 

2 Drugs and Tissues or Tissue Extracts — (a) Thyroxin and 
Related Substances — These substances have by far the greatest and 
most prolonged effect The average increase in metabolic rate in 
adults is about 2 8 per cent per mg of thyroxin whether it is given at 
one time or m fractional daily doses The maximum effect occurs 
about a week after administration and the effect of a single dose may 
persist for as long as forty dajs It has been shown 3 that the effect of 
thjroglobuhn, thyroxin polypeptid, and desiccated thyroid on the basal 
metabolism is the same as that of an amount of th>roxin containing 
the same quantity of iodine Since th> roxm contains about 65 per cent 
of iodine, the total iodine content of anj thyroid preparation, divided 
h> 065, will give the thjroxin equivalent of that preparation Most 
desiccated thyroid preparations have an activity about H50 of that of 
pure thjroxin In other words, 1 mg of thjroxin is equivalent to 
about 250 mg or 4 grains of desiccated thyroid 


1 Conklin Claire J and McClendon J F The Basal Metabolic Rate in Relation to the 
lenstrual Cycle Arch Int Med 45 I2S-I35 (J ar » ) 1930 

H n , v er H J and Peckham C II Basal Metabolism in the Toxemias of Pregnancy 
nil Johns Hopkins Hosp 38 227-236 (March) 102b 

a i n{ M° r d, Irene and Wheeler Theodore The Basal Metabolism before during 
nd after Pregnancy J Biol Chcm 62 329-35* (Dec ) 1924 

. . J t and Salter U T The Calorigemc Action of Thyroid and Some of Its 

tlV 4 v nsUtutnts Endocrinology 18 317-332 (May-June) 1934 
ihompson IV O McLellan, L L Thompson Phebe K and Dickie Lois F \ 
1, ' °f Utilization of Thyroxine and of Desiccated Thyroid m Man The Relation 
fr.r \ en the Iodlnc *« Desiccated ' r . in ihvro T Chn Invest 12 rts-rifi 

Urn ) 1933 
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(b) Dinitrophenol 1 and Dinilro o crcsol — These drugs were intro 
duced for the treatment of obesity but have been abandoned in scientific 
practice because of the danger of producing cataracts Some pro 
pnetary reducing agents contain these drugs, however They produce 
an immediate rise in the metabolic rate After a single dose, the maxi 
mum effect occurs within 2 to 6 hours and disappears within 3 dajs 
One mg per kilogram of body weight per day produces a maximum 
rise of plus 10 to plus 15 per cent in the metabolic rate which is reached 
in about 40 days and is maintained or decreased slightly if the same 
dosage is continued Even after prolonged administration, the basal 
metabolic rate returns to its previous level within 3 days after the drug 
is discontinued With marked overdosage, the metabolism is so greatly 
increased that heat production exceeds heat loss and fever results The 
action of 4 6 dinitro 0 cresol is similar to the action of 2 4 dinitrophenol, 
but about 5 times as powerful Neither drug is of value in the treat- 
ment of myxedema 

(c) Caffein — This causes a definite increase in rate persisting for 
several hours if given in large doses 

(d) Epmephrtn — A marked but temporary rise is produced 

(e) Pitutlary Preparations containing the thyrotropic hormone 
These increase the rate by stimulation of thyroid activity 

(f) Morphine and Dilaudid * — These alkaloids produce a shght 
decrease in the rate, usually less than 10 per cent, similar to that which 
occurs from sleep or hypnotic suggestion of complete rest and relaxation 

(g) Iodine — This is usually without effect However, it may 
cause certain cases of thyroid disease (previously without evidence 
of hyperthyroidism) to develop hyperthyroidism, and in the vast 
majontv of instances causes a considerable fall in metabolic rate in 
cases of toxic hyperplastic (exophthalmic) goiter This usually occurs 
quite suddenly about the eighth to tenth day after the administration 
is begun 

Other drugs and glandular extracts which are commonly used do 
not influence the basal metabolic rate sufficiently to interfere with the 
interpretation of the results 

1 Cutting W C Mehrtens H G and Tainter M L Actions and Uses of Dinitro 
phenol Promising Metabolic Applications JAMA 101 193-19S (July 15) W33 

-.Cutting W C and Tainter M L Metabolic Actions of Dinitrophenol with the Use 
of Balanced and Unbalanced Diets JAMA ioi 2099-2102 (Dec 30) 1933 

Tainter M L Stockton A B and Cutting W C Use of Dinitrophenol in Obesity 
and Related Conditions JAMA 101 1472 (Nov 4) 1933 

Rabinowitch I M and Fowler A F Dinitrophenol Canad Med Assn J 3° 
128-133 (Feb) 1934 , 

* David N A Dilaudid and Morphine Effects on Basal Metabolism and Other Body 
I unctions JAMA 103 474-478 (Aug 18) 1934 
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3 Other Factors — (a) Fcier — A temperature elevation of 1 degree 
Fahrenheit increases the rate about 6 5 per cent There is some effect 
if the patient has fever at any time of day even though the temperature 
is normal at the time of the test 

(b) Chills or Shivering — These produce an even more marked 
increase than fever 

(c) Pam or Discomfort — By causing mental activity and muscular 
tension these increase the rate Therefore, it is important to make 
sure that the patient is comfortable during the test A full bladder 
may be sufficient to cause an error in the result Probably pain is a 
factor in some of the high estimations secured during menstruation 

D Preliminary Precautions and Directions to the Patient — 
The object of these is to eliminate as far as is possible all the factors 
mentioned above which influence the rate The responsibility for these 
should rest with the physician himself, and not be left to technical 
assistants The reliability of the test depends to a large extent on the 
accuracy with which these details are attended to 

1 Assure yourself the day before the test that the patient 

(a) Has not received thyroid preparations 1 within a month and is 
not receiving dimtro o cresol, dimtrophenol, caffein or epmephrin 

(b) Is not suffering from toothache, earache, headache, or any 
other cause of continued pain 

(c) Is not having fever or chills at any time of day 

(d) Is not menstruating, or due to menstruate within the next 48 
hours 

2 Explain to the patient the harmless nature of the test and the 
'mportance of following instructions explicitly 

3 Write out 2 and gr\e to the patient or his nurse the following 
mstructions which the patient must follow to the letter 

(a) Eat a light e\ ening meal about 6PM 

(b) Take nothing of any kind whatsoever after this meal until 
after the test is completed the next morning If very thirsty, a little 
"ater at body temperature an hour or more before the test will do no 
barm, but milk or coffee or any other food or beverage must not be 
touched unless specifically permitted A glass of orange juice several 

°urs before the test will not introduce any material error 

( c ) Spend the evening quietly at home, or preferably in the hospital, 
and go to bed by nine o’clock 

or metabolic rate determination is of value in patients who are receiving thyroid 

1 p ‘^“Phenol preparations but it will not be a basal rate 
torsotun nence “ as dcraon s trat «i that oral instrucUons are usually misinterpreted or 
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of white cells and the tissues producing them A very high basal meta 
bohc rate is a point m favor of acute rather than chronic leukemia 

Other abnormal conditions in which the determination is not mdi 
cated but the presence of which must be excluded or taken into con 
sideration in interpreting high results include 

(d) Hypertension of Any Type (most commonly hypertensive cardiovascular 
disease) — About 25 per cent of the cases not suffering from complications have 
rates above plus jo per cent, and 10 per cent have rates above plus 15 per cent 
Rates over plus 80 per cent have been reported The majority of cases give results 
in the upper ranges of normal 

(e) Pernicious anemia and probably other severe anemias as well Rates 
as high as plus 30 per cent have been reported This is probably due largely 
to increased cardiac and respiratory effort to compensate for the diminished 
hemoglobin 

(f) Fever from any cause even when not present at the time of day the basal 
metabolism is determined 

(g) Chills from any cause 

(h) Dyspnea from any cause, hence most cases of cardiac decompensation 

(1) Pain from any cause, if at all severe 

(j) Increased protein metabolism from any cause 

(k) Involuntary Muscular Movements of Any Type — This group includes 
chorea tics convulsions etc I have seen two cases of Sydenham’s chorea in 
which the dimcal evidence of associated hyperthyroidism was very strong but 
the metabolic rate determination could not be used in the diagnoses because it 
was impossible to determine how much of the increase was due to the muscular 
contractions 

2 Causes of a Decreased Basal Metabolic Rate — Hypothy 
roidism is the most important 

(a) Hypothyroidism — This is the most valuable test we have m 
the diagnosis of myxedema It is also low in untreated cretinism 
Rates as low as minus 50 may occur It is of great value in following 
the course of such cases under treatment and as a guide in estimating 
the dosage of thyroid substance to use Since these prepantions 
require a long time to take effect and the effect persists for weeks, the 
dosage should be gradually increased 

(b) Hypopiluttartsm — Low rates occur but are less constant than in the pre 
ceding group 

(c) Addtson s Disease — A low rate occurs in some of these patients 

(d) Obesity, if due to endocrine deficiency Other types of obesity have normal 
rates Therefore the cases of obesity with low rates really belong under (a) or (b) 

It has been shown 1 that some people who have a marked tendency to obesity have a 

1 Mason, E II Obesity and Thinness Studies on the Specific Dynamic Action m 
Them of Protein Northwest Med 36 143-146 (March) 1927 

Goldeieher M A and Gordon M B Determination of the Specific Dynamic Action 
of Protein and Its Value in the Diagnosis of Pituitary Disease Endocrinology r 7 S69S 77 

(Sept -Oct ) 1931 
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very low specific dynamic response after eating protein, as compared to normal 
individuals Use of thyroid preparations in treatment of obesity should be con 
trolled by metabolic rate determinations 

(e) Edema — Severe edema with marked stretching of the skin may give rise 
to rates as low as minus 40 per cent Low rates are especially characteristic of the 
edema of nephrosis and Epstein has reported benefit from thyroid therapy in this 
disease 

if) Undernutrttion and emaciation from any cause if there is no associated factor 
which tends to increase the rate In this group are included patients with anorexia 
nervosa ' malnutrition, inanition, asthenia, partial starvation and diabetes on 
undernutrition treatment Most patients with diabetes have normal rates, but if 
they are on a low protein, low caloric diet the metabolism is low while on a high 
protein diet or if acidosis is present the metabolic rates may be above normal 


III OTHER LABORATORY TESTS OF VALUE IN ENDOCRINE 
DISORDERS 


A The Dextrose Tolerance Test — This has been discussed in Chapter III 
It is indicated in all patients with endocrine disturbances but it is more important 
in patients thought to have excessive or deficient function of the islands of Langer 
hans, the anterior lobe of the pituitary or the cortex of the adrenals 

B The Blood Chloride Estimation —This is discussed in Chapter V It is 
indicated in patients thought to have Addison s disease both as an aid ra diagnosis 
and in following the course of treatment 

C Blood Calcium This is of value in either hypo or h>perf unction of the 
parathyroid glands The calcium of the serum* is about equally divided into 
diffusible and nondiffusible fractions The nondiffusible fraction vanes directly 
with the level of the serum proteins Only the diffusible fraction is altered in the 
conditions in which a blood calcium estimation is indicated A variable portion of 
this diffusible calcium exists in ionic form The clinical pictures usually associated 
with alterations in blood calcium are due entirely to variations in this ionic form 
Since there is no chemical method for determining the ionized calcium some have 
recommended estimating the diffusible fraction with the erroneous idea that this 
would give an indication of the ionized calcium McLean and Hastings have 
devised a formula for calculation of ionic calcium from the serum protein and total 
protein estimations but this has been found unreliable* in patients with marked 
alterations in the serum proteins and will probably prove unreliable in patients 
with alkalosis Total serum calcium estimation is adequate for clinical purposes 
If a diffusible calcium estimation is desired spinal fluid should be sent to the 
laboratory with the serum, since the spinal fluid constitutes an already prepared 
dialysate of the serum 

(a) Indications — A blood calcium estimation is indicated as an aid to diagnosis 
when osteomalacia tetany (spasmophilia) nckets, Gee s disease, or parathyroid 


1 Farquharson R F and Hyland H H Anorexia Nervosa A Metabolic Disorder of 
Psychologic Origin J A M A in 1085-1092 (Sept 17)1938 

* Inters J 1 and Van Slyke D D Quantitative Clinical Chemistry Vol I dd 
805-861 W dliams and \\ llhins Co Baltimore 1931 

Since calcium has been demonstrated m the preparation of heparin now available the 
use f 0 *hepatm plasma for calcium estimation can no longer be recommended 

, Gutman A B and Gutman FthelB Relation of Serum ( alcium to Serum Mumbtn 
and Globulins J Clin Investigation 16 003-919 (Nov ) 1937 
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disorder is suspected, and frequent estimations should be made during the course of 
these diseases as a guide to prognosis and further treatment It is especially impor 
tant to follow the blood calcium in patients who are receiving parathyroid prepara 
tions for it is possible so to raise the blood calcium by large doses of this substance 
that severe symptoms or death may result Excessive dose3 of viosterol (irradiated 
ergosterol, Vitamin D) may also cause an increase m the calcium level 

(b) Normal Figures ‘—Figures for adults and children are the same, 9 to 12 mg 
per ion cc of serum, or for the diffusible fraction 4 to 6 mg per 100 cc of spinal 
fluid 

The blood calcium is usually normal m cases of nonunion of fractures as the 
cause is usually mechanical rather than chemical The calcium level in tuberculosis 
is normal and treatment to increase the calcium level has given disappointing results 

(c) Diseases Associated with a Low Calcium Estimation — (1) Osteomalacia 

(2) Infantile tetany (spasmophilia) 

(3) Rickets This is much the most common cause in children, but the calcium 
level is frequently normal even in active nckets 

(4) Parathyroid tetany * This is due to deficiency of the parathyroid hormone 
A severe hypocalcemia with tetany not infrequently follows parathyroidectomy for 
hyperparathyroidism, so frequent serum calcium estimations are indicated m such 
cases 

(5) Gee’s Disease (Idiopathic Steatorrhea or Nontropical Sprue) 1 This rare 
condition is characterized bj diarrhea, fatty stools tetany, osteomalacia, anemia, 
skin lesions, and infantilism 

(6) Impaired renal function In all patients with impaired renal function 
sufficient to produce retention of phosphate, a low blood cal lum may occur This 
may be in part responsible for the irritation symptoms of uremia In rare instances 
chronic impairment of kidney function persists long enough to permit the high 
phosphorus and low calcium to influence bone formation sufficiently to give the 
clinical picture of renal nckets or renal osteitis fibrosa cystica 4 

(7) Short intestine In patients who have had a large part of the bowel 
removed, as for regional ileitis, severe calcium deficiency with tetany may result 
because of the insufficient length of intestine left for adequate absorption 

(8) Slight or inconstant lowering has been reported in pneumonia, hematogenous 
jaundice, dysentery certain asthmas, sprue, furunculosis, and a small percentage of 
hemophilias 

(9) Hypoproteinemia All of the causes given for hypoproteinemia may give 
a low serum calcium estimation due to depletion of the fraction combined with 


‘ Schoenthal L , and Lurie Dorothy R. Concentration of Calcium and Phosphorus w 
the Serum of Children Am J Dis Child , 46 1038-1044 (Nov ) 1933 

Mohtch M Weinstein S , and Cousins, R F Serum Calcium in Normal Boys 
Am J Med Sci 186 378 (Sept) 1933 . 

*MacBryde C M Treatment of Parathyroid Tetany with Dihydrotachysterol 

J AM A in 304-307 (JuV *3) 1938 ,, , „ , , 

* Bennett T I Hunter X) and Vaughan Janet M Idiopathic Steatorrhoea (Gee s 
Disease) A Nutritional Disturbance Associated with Tetany Osteomalacia, and Anemia 
Quart J Med N S 1 603-677 (Oct ) 1932 . , 

Snell A M Cluneal Observations on Nontropical Sprue Arch Int Med S7 
837-856 (May) 1936 _ 

4 Albnght F , Drake T G and Sulkowitch H W Renal Osteitis Tibrosa Cystica 
Report of a Case with Discussion of Metabolic Aspects Bull Johns Hopkins Hosp 00 
377-399 (June) 1937 
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protein and not to any alteration in the diffusible fraction These conditions do 
not constitute indications for doing a calcium estimation 

Calcium estimation is of value only in conditions (x) to (7), page xo8 
Contrary to popular opinion the blood calcium is not low in hemorrhagic diseases 
and calcium therapy is of little if any, value in the treatment of these conditions 
A deficiency of ionized calcium without alteration in total calcium occurs in 
severe alkalosis, giving rise to the clinical picture of tetany The type which is 
due to excessive loss of hydrochloric acid from the stomach is sometimes called 
gastric tetany An alkali reserve estimation is necessary for the diagnosis of this 
form of tetany 

(d) Condtttons Which May Give High Calcium Estimations — (1) Hyperpara 
thyroidism 1 * * This condition should be considered whenever multiple bone decal 
cifications, osteitis fibrosa cystica, or renal calculi* are noted Renal calculi of 
calcium phosphate are common in patients with hyperparathyroidism but hyper 
parathyioidism is not a common cause of renal calculi * In hyperparathyroidism 
the blood calcium is usually between 11 5 and 190 mg per 100 cc of serum 
Malignant tumors involving the bone, especially multiple myeloma, occasionally 
give a hypercalcemia, but the serum phosphorus in such patients is within normal 
limits which differentiates them from active hyperparathyroidism 

(2) Patients receiving active parathyroid preparations The dosage should be 
controlled by blood calcium estimations since overdosage leads to hypercalcemia 
with attendant symptoms 

(3) Patients receiving overdoses of viosterol or dihydrotachysterol 

(4) Polycythemia vera 

(5) Myositis ossificans 

(6) Patients receiving calcium by mouth or intravenously The increase is 
slight and temporary if parathormone, dihydrotachysterol, cod liver oil, or viosterol 4 
is not also given 

(7) Gout 

(8) Severe acne 

(9) Arthritis deformans 

(10) After injections of insulin a slight temporary increase occurs 

(11) Hyperproteinemia In all of the conditions given as common causes of 
hyperprotememia a high total calcium may occur without alteration in the diffusible 
calcium A total protein estimation will sometimes be necessary in order to inter 
pret properly the results of a total serum calcium estimation 

1 Bulger, H A and Barr D P The Relation of the Parathyroid Glands to Calcium 
Metabolism Ann Int Med 5 5 5 2-565 (Nov ) 1931 

Albright F , Aub J C and Bauer W Hyperparathyroidism A Common and 
Polymorphic Condition as Illustrated by Seventeen Proved Cases from One Clinic T A 
M A 102 1276-1287 (April 2:) 1934 

Albright F Sulkowitch H W and Bloomberg Esther Hyperparathyroidism Due 
to Idiopathic Hypertrophy (Hyperplasia?) of Parathyroid Tissue Follow up Report of 
Six Cases Arch Int Med 62 199-21S (Aug ) 1938 

* Albright F Some Medical Aspects of Renal Stone Problem New England J Med 
217 1063-1066 (Dec 30) 1937 

* Griffin M Osterberg A E and Braascb \V F Blood Calcium Phosphorus and 
Phosphatase in Urinary Lithiasis Parathyroid Disease as Etiologic Factor TAMA 
nr 683-685 (Aug 20)1938 

4 Brougher J C \ losterol (Irradiated Ergosterol) in Treatment of Parathyroid Tetany 
J A M A 94 471-473 (Feb 15) 1930 
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thyroid disease but the technic is too difficult for practical clinical use except in 
the largest clinics The normal level is 6 to 13 micrograms per 100 cc It is 
usually elevated in patients with hyperthyroidism of less than 10 months duration 
but may be normal in persons with definite h>perthyroidism of longer duration 
II Estimation of the Basal Metabolic Rate from Pulse Rate and Pulse Pres- 
sure 1 or Insensible Perspuation -\ number of formulae have been devised for 
approximation of basal metabolic rate from the pulse rate and pulse pressure The 
formula of Reid 

B MR = o 683 (P R + o 9 P P ) - 71 S 
and of Gale and Gale 

BMR » PR + PP- m 

have both been used The latter is the simplest and is satisfactory to use as a 
rough check, against gross error in performance of the metabolic rate determination 
but is not accurate enough to be of much clinical value alone 

Accurate metabolic rates may be calculated from the weight loss due to msensi 
ble perspiration but the expense of the sensitn e large capacity balances required 
make this a research rather than a clinical method 

IV SUMMARY OF THE DIFFERENTIAL DIAGNOSIS OF ENDOCRINE 
DISTURBANCES 

In all of these conditions the results of a physical examination give 
more information than docs the laboratory examination 

A Diseases of the Thyroid — 1 Diffuse Parenchymatous 
Hyperplasia (exophthalmic goiter) — This should be thought of first 
if a basal metabolic rate above plus 30 per cent is found Rates in the 
upper limits of normal may occur in remissions, but a normal rate is rare 
enough to constitute an indication for a reconsideration of the diagnosis 
Rates as high as plus no per cent may occur The determination 
should be repeated at least twice a week while following the course of 
a patient under medical treatment with rest, iodine, and diet The 
best time for operation is as soon as the metabolic rate has ceased to fall 
The level reached at this time is a valuable guide to the type of procc 
dure indicated and the amount of tissue to remove A subtotal 
thyroidectomy is not contraindicated by a rate of plus 30 per cent or 
less, but if medical measures do not bring it below plus 50 per cent, less 
serious procedures (ligation of vessels, roentgen therapy, etc) arc 
usually advisable as preliminaries to the thyroidectomy I ach case 

Iodine Content oflluman Mood T Lab A Clin Med iq SiS-Sjo (May) 1954 

lerkin II 1 and Lahey 1 II I xophthalmic Toiler Relation between the Wood 
iodine l*\c! and the Duration of Sjmptoroi in Three Hundred and live Case* Arch 
fnt Mel 61 S s S <j (June) 

* Conroe II 1 I Uiraation of Haul Metabolic Rate from 1 ul»e Rate an l I u l*c I rn 
*urc Am J M Sc 190 j i-j;6 (Sept ) iojj 
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dosage of thj roid preparations to maintain normal metabolism without 
producing hj perthj roidism For this purpose metabolic rate deter- 
minations must be repeated at internals of one to six weeks over a long 
period of time 

Normocjtic anemia and decreased total blood volume are usuallj 
present and the hematology should be followed until it has returned to 
normal 

The low dextrose tolerance curve without gljcosuna and the 
increased blood cholesterol 1 are of some diagnostic value 

The cause of the hj pothj roidism must be discovered bj other 
methods 

Patients with metabolic rates below minus 11, even without the 
clear cut mj xedema sjndrome, often derive benefit from properly con 
trolled thjroid thcrapj 

4 Malignant Tumors — The diagnosis must be established bj 
other than laboratory measures The basal metabolic rate is not of 
differential value It is most often elevated but maj be normal or 
low Anemia and increase in the erj throev tc sedimentation rate occur 
too late to be of aid in diagnosis 

5 Inflammations — In the acute stages the basal metabolic rate is 
usuallj elevated and the end result is often m> xedema Hence, when 
this diagnosis has been established, the metabolic rate should be 
pcnodicallj determined The other laboratorj findings are those char- 
acteristic of the tjpc of micction present 

6 Colloid or Simple Goiter — These give nsc to no changes in 
laboratorj findings 

II The Pituitary * — Laboratorj tests can give onlj evidence as 
to the function at the time of testing, not as to previous function nor 
as to the nature of the pathologj giving nsc to the altered function 
rhej, alone, arc rarelj sufficient to differentiate hvpo or hjpcrfunction 
of the antenor lobe from corresponding changes in thjroid function 
because of the numerous hormones secreted b\ the pituitarj it is rare 
to have a clinical sjndromc due to excess or deficiency of onlj one 
The differential diagnosis, therefore, is given m terms of the clinical 
sjndromcs rather than in terms of the hormones affected 


* Bronitein I 1 Studies In Cretinism and Hypothjroi lum in Childhood Blood Cho! 
e Ural J A M A 100 t66i-t66t (Hay 17) 1013 

llurxthal I„ VI Blood Cholesterol and Thyroid Disease III Myxedema and 
Hypercholesteremia Arch Int Med o 761 (May) igj« 

llurxthal L. M Btood Cholesterol and Hypo metabolism Suprarenal and Pituitary 
Deficiency Ohesit) and Miscellaneous Conditions Arch lnt Med jj 8rj-8ji (June) 

>kp raison I~H and Hodgson C. II Recent Adsancrsin knowledge of ihe Vnterwr 
lx he of the lljTKjphys 1 Arch Int Vied 61 ito-1,6 (July) igjS 
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1 Acromegaly and Gigantism — An increase in the basal meta 
bolic rate and a dextrose tolerance similar to that in hyperthyroidism 
with increased tendency to alimentary glycosuria constitute evidence 
of continued hypersecretion by the eosinophil cells of the anterior lobe, 
if other causes for these changes can be excluded Many patients with 
the anatomical changes characteristic of acromegaly or gigantism will 
have basal metabolic rates and dextrose tolerance curves characteristic 
of normal or hypofunction This is due to the fact that the initial 
stimulation may cease or may be followed by actual destruction of 
glandular tissue 

2 Froehlich’s Syndrome and Adult Pituitary Obesity — Dur- 
ing the stage of hypofunction the basal metabolism is lowered, the 
dextrose tolerance test gives a low peak and a quick return to normal 
and it is almost impossible to produce alimentary glycosuria In 
these conditions, also, there is a tendency for the functional state of the 
gland to change while the anatomical features are still present The 
site of the lesion and its nature must be established by other methods 

3 Basophil Adenoma —This is characterized clinically by hyper 
tension, hirsutism, and a buffalo type of obesity with stna gravidarum 
The renal function is not impaired and the dextrose tolerance curve 
may be high with an increased tendency to alimentary glycosuna It 
must be differentiated from cortical adrenal tumors and arrheno 
blastomas of the ovary by the history, physical findings and roentgeno 
graphic studies 

4 Pituitary Dwarfism — This is characterized b> infantilism, both 
physical and sexual, without obesity The basal metabolism and dex 
trose tolermce curves are low and alimentary glycosuna is difficult to 
produce 

5 Pituitary Cachexia — This is characterized by extreme emaci 
ation, atrophy of all the organs, amenorrhea, loss of secondary sex 
charactenstics, and decalcification of the bones with loss of teeth The 
basal metabolism and dextrose tolerance curves are low Alimentary 
glycosuna is difficult to produce The body temperature is subnormal 
It must be differentiated from anorexia nervosa and pancreatic disease 
by the history and necropsy findings I 1 have seen a patient with all 
of the laboratory and clinical manifestations of pituitary cachexia in 
whom the pituitary was grossly and microscopically normal and no 
cause for the syndrome was found at necropsy 

6 Diabetes Insipidus — This is characterized by thirst and 
polyuria of 4 to 30 liters a day with urine of low specific gravity It is 

1 Osgood E E Pituitary Cachexia? Eodrocnnology 23 656-660 (Nov ) 1938 
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apparently due to deficiency of the hormones of the middle and posterior 
lobe or to lesions of the hy pothalamus and pituitary stalk which prevent 
these hormones from reaching the h\ pothalamic region It is controlled 
by intranasal insufflation of desiccated posterior pituitary 

Any of these pituitary syndromes constitute an indication for roent- 
genographic examination of the skull neurologic examination, and 
examination of the cerebrospinal fluid for evidence of a tumor in 
the pituitary region A craniopharyngioma will occasionally give 
rise to false positive serologic tests for syphilis in the cerebrospinal 
fluid 

C Suprarenals —Acute insufficiency is so rare and so unsatis 
factonly studied from a laboratory standpoint that it will not be 
discussed 

1 Addison’s Disease 1 — This is due to cortical and usually also 
medullary deficiencv It is characterized by weakness, hypotension, 
and pigmentation of the skin and mucous membranes The diagnosis 
is based on the physical examination A low basal metabolic rate and 
low dextrose tolerance curve without glycosuria are confirmatory evi 
dence The blood chloride and urea nitrogen level will aid in judging 
the seventy of the disease and the response to therapy with sodium 
salts, cortin, and low potassium diet The lower the blood chloride 
and the higher the blood urea nitrogen the more severe is the deficiency 
of cortical hormone A normal sedimentation rate would be one point 
against tuberculosis is the cause but would exclude neither it nor 
malignancy Since amyloidosis is sometimes responsible for this 
syndrome, a congo red test would be indicated in the thorough study of 
such a case 

The vomiting and diarrhea which frequently occur, give nsc to 
the usual changes m laboratory findings and these in turn have their 
usual indications for therapy 

Contrary to the original description of Addison anemia is not often 
present 

2 Adrenal Cortical Tumors - These arc characterized by hirsut- 
ism and virilism and in children bv precocious puberty They must 
be differentiated from basophil adenoma of the pituitary and arrheno 
blastoma of the ovarv by the clinical findings and roentgenographic 
demonstration of the tumor after air injection 

D The Parathyroids — I’arathvroid di<5ea«e should be suspected 
>f tetany or cv^tic bone legions art found 


•Cutler II It lower \t II and Wilier, 
and 1 ota»«ium in t rine and Wood Their P 
JAMA III IIM» (Juljrg) i " 
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1 Hypoparathyroidism — This is characterized by the symptoms 
of tetany with a low blood calcium due to decrease m the diffusible 
calcium 

2 Hyperparathyroidism — This is characterized by osteitis fibrosa 
cystica and sometimes calcium phosphate renal calculi The blood 
calcium is elevated and the inorganic phosphate is decreased dunng the 
active phase Urinary excretion of calcium may be greatly increased 
The serum phosphatase is usually elevated 

E The Gonads — Hypofunction or hyperfunction of the ovaries 
or testes must be recognized by clinical methods although biologic tests 
for excess or deficiency of these hormones are available for research 
studies 1 

F The Polyglandular Syndromes — There are many such syn 
dromes but the differential diagnosis of the type and degree of glandular 
involvement must be made largely by clinical methods A low basal 
metabolic rate and dextrose tolerance curve and normocytic anemia 
raaj occur 
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DISORDERS OF THE GASTROINTESTINAL TRACT 1 


I DISORDERS OF THE STOMACH 
A Resume of the Essential Points in the Physiology 1 and Bio- 
chemistry 

i The Amount and Character of the Contents of the Stomach at Any Given 
Time — This is a resultant of the algebraic summation of the amount and charac- 
ter of any of the following additions and subtractions, which may have occurred 
smce the stomach was last empty 

(a) The Secretions of the Gastric Mucosa — These include gastric juice and 
mucus 

(b) Abnormal Substances which may have been added from the stomach 
wall These include transudates, exudates of various types, or blood itself 

(c) Additions through the Esophagus or by Stomach Tube —These include 

(1) Substances of any type which may have been ingested or given by 
stomach tube 

(2) Exudates, transudates, blood, or secretions which may have been 
swallowed coming from the lungs, bronchi, trachea, mouth, nasopharynx, sinuses 
or esophagus 

(3) Contents of esophageal diverticuh or material retamed above an eso 
phageal stenosis or cardiospasm, etc 


(d) Substances Which May Have Entered through the Pylorus — These 
may mclude bile, duodenal secretions, pancreatic juice, or intestinal contents, 
rarely even fecal matter from the large bowel, or blood, organisms (bacteria, 
a nimal parasites), exudates or transudates, etc , from these sources 

(e) Substances Which May Have Entered by the Following Pathologic 
Routes — (1) Fistulae to the exterior (2) Fistulae to other hollow viscera, 1 e , 
gastroenterostomy, gastrojejunal or gastrocolic fistulae (intestinal contents, 
etc ), fistulae to the gall bladder (bile, gallstones, etc ) 

(f ) The Amount and Character of All Subtractions that have taken place smce 
the stomach was last empty These may occur by any of the routes above 


1 Rehfuss M E Diseases of the Digestive Tract and Allied Organs the Liver Pan 
creas and Peritoneum Progressive Medicine 4 2-133 (Dec ) 1929 

Best C H and Taylor N B The Physiologic Basis of Medical Practice Pp 672- 
750 William Wood & Company, Baltimore 1937 

* Ivy A C The Newer Physiology of the Castro intestinal Tract Am J Med Sc 
173 4S3-46o (Apnl) 1927 _ . 

Ivy A C Contributions to the Physiology of the Stomach IX The Causes of 
Gastnc Secretion Their Practical Significance and the Mechanisms Concerned J A 
M A , 85 877-880 (Sept 19) 192s 

Carlson A J The Secretion of Gastnc Juice in Health and Disease Physiol Rev 
1-40 (Jan ) 1923 
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mentioned, but passage from the stomach on into the intestinal tract, and passage 
out through the esophagus (vomiting, withdrawal through the stomach tube) 
are the most important, although some substances (alcohol) are absorbed by the 
gastric mucosa, and stomach contents may pass out through a perforation into 
the peritoneal cavity or through fistulous tracts into other organs 

Since most of these additions and subtractions are individually variable both 
m amount and in character and the character may be altered by their interactions 
with each other (this mteraction may be chemical, bacterial, or enzymatic) it is 
obvious that as many of these variables as possible must be controlled, and that 
even then the interpretation of alterations in the composition of stomach contents 
must be made with great caution 

Furthermore, as most of these additions and subtractions occur gradually 
and at more or less localized points, and as the stomach is a relatively inefficient 
mixing machine when active and subject to numerous influences both internal and 
external which inhibit this motor activity entirely, it is unsafe to assume that 
any fraction of its total content will correctly represent the composition of the 
remainder of that content Experimental evidence 1 confirms this reasoning 
2 The Composition and Secretion of the Gastric Juice —The most important 
constituents of pure human gastric juice are water, hydrochloric acid, the enzyme 
pepsin, and the intrinsic Jactor of Castle which reacts with the extrinsic factor 
w food to form the antipemicious anemia principle Of less importance are 
inorganic salts, chiefly chloride, and the enzymes renwn and gastric lipase 
The exact site and mechanism of this secretion are still disputed The concen- 
tration of hydrochloric acid is relatively constant at o 4 to o 5 per cent, equivalent 
to no to 140 cc of N/10 acid per 100 cc of pure juice This concentration may 
dimmish but does not increase even in disease, the lower values usually found in 
stomach contents being due to dilution, combination (with protein substances, 
e g , food or mucin), and neutralization effects 

All that is definitely known as to the mechanism of the formation of this 
strong mineral acid is that it Is derived from chlorides of the blood either by the 
retention or more probably by the reabsorption of base The chlorine content 
of the secretion remains relatively constant m health and disease, the changes in 
acidity being roughly in inverse ratio io the amount of basic radicals present 
During this acid secretion the corresponding amount of base set free tends to 
increase the alkali reserve figure in the blood and to decrease the acidity of the 
urine (alkaline tide) while at the same time there is a decrease in the chlorides 
m the blood The presence or absence of this alkaline tide has even been sug- 
gested as a criterion for judging the secretion of acid by the stomach, but the 
urine reaction is subject to too many other variables for this to prove very 
reliable 

The pepsin Is secreted m the form of pepsinogen which Is mactive, requiring 
the presence of a sufficient hydrogen ion concentration (free acidity) to convert 
it Into the active proteolytic enzyme This enzyme in turn is active only in acid 
solution and shows its optimum activity at a pH of 1.4 to 1 6 corresponding to 

•Gorham I I) The Factor of Dilution in Gastric \na 1 jm JAM \ 81 17,58- 
■itl (Nov 14) joij 

Gotham I D \ ariationsof Acid Concentration in T)i/Tercnt I ortwns of the Ca*tnc 
Chyne and its Relation to Clinical Method* of Cajtne \na 1 yiu \rch Int Med j 
♦Jl-440 (April) 1 q j 1 
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removal of the fasting contents may be of diagnostic as well as thera 
peutic value 

C Planning the Examination —Laboratory diagnosis should be 
individualized just as much as therapeutics should be Each type of 
test will detect certain alterations in gastnc pathology, physiology 
and chemistry and miss others, while all of them suffer from the senous 
limitations of our inability to control most of the numerous extragastnc 
variables Therefore, from a consideration of the points mentioned 
under A and B above, it is obvious that time spent m debate over the 
relative merits of this or that test meal, or over this or that time 
and manner of securing stomach contents could better be spent in 
planning the particular tests to carry out on the individual patient 
to secure the information one desires with the least loss of time, discom 
fort, and expense to that patient 

At best we can only hope to get approximate information on the 
following points (i) the ability of the stomach to secrete hydrochloric 
acid and enzjmes with or without unusual stimulation, (2) the time 
required for the stomach to empty itself with a greater or lesser load, 
(3) the presence or absence of pathologic substances (exudates, blood, 
bacteria, parasites, lactic acid) but no proof that their source is in the 
stomach, (4) some idea of gastnc digestion (under definitely abnormal 
conditions and confused by some admixture with other enzymes) 
of the substances introduced into the stomach since it was last 
empty 

D Choosing the Test Meal 1 — For the majonty of cases I 
recommend the modified Ewald meal as the initial test, to be followed by 
the histamine test if no free hydrochloric acid is found, and such other 
tests from the group below as seem best suited to give the further infor 
mation desired In most cases no other test wall be found necessary 

Much more accurate results will be secured if the stomach is emptied 
of its fasting contents before a meal is given Often examination of 
the fasting .contents alone will give all the information desired, since 
it is the best procedure for detecting severe grades of retention, abnormal 
exudates, blood, micro organisms and lactic acid, although the other 
tests will usually give this information 

The Ewald meal or one of its modifications will yield the most 
information in the simplest way if the object desired is to test the ability 
of the stomach to secrete gastnc juice under a normal stimulus, and to 
digest a simple meal 

1 Gaither E H Diagnostic Value of Secretory Function in Gastnc Disease Various 
Methods Studied and Compared Ann Int Med 5 992-996 (Feb ) 1932 
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The fractional method will yield the most information if the object is to study 
the physiology of the normal stomach or to detect slight deviations from the normal, 
provided the subject is first so habituated to the stomach tube that its presence does 
not cause distress However, it is also the most troublesome to perform and in 
my opinion the additional information obtained rarely justifies its use 

The histamine test is best (but is not without danger) if it is desired 
to stud} as nearly pure gastric juice as is possible, or the ability of the 
stomach to secrete free hydrochloric acid under a maximum stimulus 

A large dinner of the Riegel type is most satisfactory if one wishes to detect slight 
degrees of impairment of gastnc function, but this may do harm if given to patients 
with greater degrees of impaired function 

The stasis meal will best detect moderate or slight degrees of retention 

The use of 49 cc of seven per cent alcohol to which has been added 1 cc of o r 
per cent “phenolphthalem ’ (phenolsulphonphthalein?) in 95 per cent alcohol 
has been advocated as a substitute for the usual test meals with the claim that by 
colonmetnc determination of the percentage of the dye in the stomach contents 
withdrawn, the amount of dilution of the gastric juice could be calculated and 
therefore the actual volume and acidity of the pure gastnc juice This would be 
true if neither the dye nor the alcohol were selectively absorbed by the stomach wall, 
if the meal were the only factor tending to dilute the gastric juice and if no sub 
stances (saliva, mucus exudate, blood duodenal contents) capable of combining 
with hydrochloric a ad had entered the stomach The re emphasis of the error 
due to dilution by the meal was desirable, but the quantitative estimation will 
probably prove more misleading than helpful 

It should not be necessary to mention that every record of stomach 
contents analysis should clearly state whether the stomach was emptied 
before giving the test meal, what was the character and quantity of 
the test meal, what was the time interval between the beginning of 
the test and the withdrawal of the stomach contents, and whether all 
or only a part was withdrawn When no test meal has been given, 
the record, should state w hether the specimen analyzed is fasting con 
tents, vomitus, or a specimen secured for a check on the treatment, 
in all of which cases the composition of the last meal and the interval 
since it was ingested and the character of the last therapy and the 
interval since it was given should be recorded 

E Interpretation of the Results of Stomach Contents Examina- 
tion 1 — 1 Ewald Meal and Its Modifications — (a) Normals x — The 
volume vanes from 30 to 70 cc but only great deviations from this are 

•Crohn B B Affections of the Stomach Pp 100-155 Saunders Philadelphia 

1927 

* Vanzant T R Alvarez W C Eusterman G B Dunn H L and Berkson, J 
The Normal Range of Gastric Acidity from Youth to Old Age An Analysis of 3 746 
Kfcords Arch Int hied 49 54S-JS9 (March) 19J* 
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significant It separates into two layers on standing, the lower contain 
ing partially digested food, the upper being relatively clear Small 
amounts of bile and mucus are often grossly visible It is usually aad 
(blue) to the congo red paper test Free hydrochloric actd is usually 
present m quantities corresponding to 15 to 75 cc of N/10 acid per 
100 cc The total acidity is usually equivalent to 30 to 90 cc of N/10 
acid per 100 cc The figures for women average about 10 points lower 
than for men About 4 per cent of children otherwise normal show no 
free hydrochloric aad (achlorhydria) and this percentage increases 
with age to about 30 per cent of persons in the seventh decade Pepsin 
is present as indicated by digestion of the albumin m Mette’s tubes 
The lactic acid test is negative, and blood is usually absent, but small 
amounts due to trauma from the tube are not rare 

Microscopic examination shows food residues only from the test 
meal and these undergoing digestion Sarcmae or Boas Oppler bacilli 
are usuallj said to be absent Actually they have been repeatedly 
demonstrated by culture, 1 and a few organisms ma> occasionally be 
found in the stained smears even in stomach contents showing normal 
acidity and peptic activity Other bactena and } easts may also be 
present The bactenadal and bacteriostatic activity of normal gastric 
contents is usually overemphasized Further work on the flora of the 
normal stomach is urgently needed 

In children, the total volume is, of course, smaller, and the free and 
total acidity are lower In the first five years of life the free aadity 
averages 15, gradually increasing to an average of about 30 at puberty 
and reaching the adult average of about 45 for men and 35 for women 
at the age of twenty Other findings are similar to those in adults 

(b) Increased Volume — Only volumes of 120 cc or over are sigmfi 
cant The increase may be due to increased secretion, decreased 
emptying or both The causes are 

(1) Obstruction at or near the pjlorus This may be due to ulcer 
ol the stomach or duodenum, to caranoma or less commonly to benign 
tumors of the stomach, to congenital stenosis of the pylorus, to high 
intestinal obstruction, or rarely to syphilis of the stomach 

(2) Acute or chrome atonic dilatation of the stomach The acute 
form (suspected if marked distention and tympany of the upper abdo 
men assoaated with evidences of cardiac and respiratory embarrassment 
are present) is an often overlooked indication for use of the stomach 
tube It may occur as a postoperative complication, or produce a 
sudden change for the worse in a great variety of illnesses The chrome 

1 Burget G E Note on the Flora of the Stomach J Bact s 290-303 (May) 19a® 
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form occurs in association with ptosis, after habitual over filling (beer 
drinker's stomach) or without clear etiolog} 

(c) Decreased Volume — Volumes below 20 cc (when not due to 
incomplete emptying as might occur when the stomach tube does not 
extend into the stomach contents fully or when it becomes occluded with 
particles) may result from decreased secretion, rapid emptying (most 
important) or both, or from failure to pass the tube into the distal 
segment of an hour glass stomach The causes are 

(1) Pernicious anemia and other cases with achylia (due to dimin- 
ished secretion) 

(2) “Leather bottle stomach ” The stomach is very small, the 
wall is rigid and it empties very rapidly Most of these cases are 
due to scirrhous carcinoma, and a few to syphilis of the stomach 
Limtis plastica is reputed to produce this same picture, but this diagnosis 
should rarely if ever be made since most cases so diagnosed prove to be 
scirrhous carcinoma rather than chronic infection 

(3) Hypermotihty This maj occur reflexly from a large number 
of causes, chief of which are peptic ulcer and gall bladder disease 

(4) Abnormally large exit, the so called “dumping stomach ” This 
occurs when too large an opening is left after a gastroenterostomy 
or pyloroplasty and in some cases when fistulac develop between the 
stomach and bowel 

(5) External pressure This may be due to ascites or large intra 
abdominal tumors (especially to enlarged spleen) 

(6) Hour-glass stomach This is most often due to peptic ulcer, 
but may be due to syphilis or carcinoma The volume may be normal 
if the stomach tube finds its way through the opening into the distal 
pouch 

(7) Large benign tumors or foreign body accumulations such as 
hairball or phjtobezoar Think of phytobezoar in persons who have 
been indulging freely in persimmons These are rare causes 

Fluoroscopic examination after a banum meal is usuall} necessary 
to differentiate these conditions 

(d) Excess 0 f Mucus — This occurs m passive congestion of the 
stomach, inflammations of the stomach wall such as gastritis, or phleg 
mon, chemical irritation from alcohol or highlj spiced foods in some 
cases of ulcer or carcinoma, and as a result of nausea Presence of the 
stomach tube ma> produce enough nausea to influence the acidity b> 
excessive mucus production m fractional tests If much is present one 
*nust consider its neutralizing effect when interpreting the acidity 
figures 
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(e) Achlorhydria 1 — This is the absence of free hydrochloric acid 
If gastric enzymes are also absent (no digestion of egg white in Mette’s 
tubes) it is called achylta 2 Topfer’s reagent is not sufficiently specific 
for free hydrochloric acid to be relied on, hence, if the clinical figure 
for free acidity is fifteen or lower with this reagent, a qualitative test 
with Boas’ reagent should be done also Only when this test is negative 
can we conclude that there is achlorhydria 

The finding of achlorhjdna after an Ewald meal should be con 
firmed, if possible, by the histamine test, since most modifying condi 
tions tend to decrease the free hydrochloric acid A positive Boas 
test on one occasion is more significant than many previous negative 
tests 

The causes of achlorh} dna*are 

(1) Pernicious anemia (achylia) A diagnosis of pernicious anemia 
is usually incorrect if free h> drochlonc acid is found Achylia precedes 
the onset of the anemia by a considerable period The gastric contents 
are usually alkaline 3 4 

(2) Carcinoma of the stomach < Achlorhydria is the rule in 
advanced cases, but in early cases (when the diagnosis should be made) 
hypochlorhydna or normal acidity is often found Lowered acidity 
is a point in favor of carcinoma as compared to ulcer but no type of 
figure will exclude either diagnosis 

(3) Syphilis of the stomach This is relatively uncommon, but 
most of these patients show achlorhydria This diagnosis should be 
considered if a patient clinically suspected of having peptic ulcer 
shows achlorhydria 


1 Bockus H L Bank J and Willard J H Achlorhydria With a Review of zi° 
Cases in Patients with Gastrointestinal Complaints Am J Med Sci 184 185-201 
(Aug ) 1932 , t . 

* Accurate quantitative methods for the determination of pepsin in gastric contents 
have been developed but the technic is so difficult and the information obtained of such 
slight diagnostic value that their use is of research rather than clinical interest 

Osterberg A E Vanzant Frances R and Alvarez W C Studies of Gastric Pepsm 
I Methods of Measurement and Factors IVbich Influence It J Clin Invest 12 551 - 55 ® 
(May) 1933 . 

Vanzant Frances R Osterberg A E Alvarez W C and Rivers, A B Studies of 
Gastric Pepsin II Secretion of Pepsin in Cases of Duodenal Ulcer and Pseudo Ulcer 
J Clin Invest rz 557-565 (May) r933 , _ . „ 

Vanzant Frances R Osterberg A E Alvarez W C Judd E S and Rivers A B 
Studies of Pepsin in Human Gastric Juice \ Its Prognostic Value Am J Digest Dis 
& Nutrition 3 101-102 (Apr ) 1936 _ T 

Anson M L and Mirsky A E The Estimation of Pepsin with Hemoglobin J 
Gen Physiol 16 59-63 (Sept ) 1932 , 

* Helmer O M and Fouts P J Gastric Analysis Methods Am J Clin Path 

(Tech Supp ) 7 41-50 (Sept ) 1937 „ , .. 

4 Comfort M W and Vanzant Frances R Gastric Acidity in Carcinoma of the 
Stomach Am J Surg 26 447-456 (Dec ) *934 
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(4) Chronic atrophic gastntis Achylia occurs in the late stages 
of chronic gastritis This diagnosis should not be made until the three 
conditions above listed have been excluded 

(5) Idiopathic hypochromic anemia 1 This is the name given to 
an anemia with low color, volume and saturation indexes occurnng 
most commonly m middle aged women and due in all probability to 
deficient absorption of iron secondary to poor gastric digestion of the 
organic iron compounds present in foods Achlorhydria is present in 
about fifty per cent of the cases Three to six grams per day of ferric 
ammonium citrate or feme carbonate results m a prompt return of 
the blood picture to normal without any effect on the achlorhydria 

The above are the only groups showing achlorhy dria in more than 
50 per cent of cases A greater incidence of achlorhydria than in 
symptom free persons of the same age groups occurs in hyperthyroid 
ism, hypothyroidism, chronic infectious arthritis, combined system 
disease without anemia, pellagra, pernicious vomiting of pregnancy, 
etc , but is of little or no diagnostic value Achlorhydria or achylia is 
apparently sometimes responsible for a chronic diarrhea, but it will 
be recalled that 5 to 30 per cent (probably fewer if the histamine test 
had been used; of adults show achlorhydria without symptoms These 
patients should be watched more closely than others for signs of anemia 
and combined sy stem disease 

(f) Hypochlorhydria — This is a diminished free hydrochloric acid 
It may be due to deficient secretion (low total acidity also), or to com 
bmation with protein (total acidity higher), or to neutralization (total 
acidity low, normal, or high) The causes are the same as for achlor- 
hydria (with the exception of pernicious anemia) but it is much less 
significant Hypochlorhvdria is common during normal pregnancy 2 
with a return to normal following delivery 

(g) Hyptrchlorhy drta 3 — This is an increase in the free and total 
acid of the stomach contents It was formerly thought to be due to the 
secretion of a more acid gastric juice but it is now known that the normal 
gastric juice has a maximum acid content, and that clinical hyper 
chlorhydna is due to an increased quantity of secretion or to lessened 

1 HartfaU S J and Witts L J Gastric Secretion in Simple Achlorhydric and Allied 
Anaemias and the Intrinsic 1 actor of Castle in Simple Achlorhydric Anaemia Guy s 
Hospital Reports 83 3-36 (Jan ) 1933 

* Strauss M B and Castle W B Studies of Anemia in Pregnancy I Gastric 
Secretion in Pregnancy and the Fuerpenum Am J Med Sci 184 655 (Nov) 1032 

* \ anzant 1 R Alvarez W C Berkson J and Tusterman G B Changes in 
Gastric Acidity in Peptic Ulcer Cholecystitis and Other Diseases Anal>2ed with Help of 
New and Accurate Technic Arch Int Med 52 616-631 (Oct ) 1933 
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neutralization or to both factors It occurs most frequently in peptic 
ulcer of the duodenum, stomach or esophagus, but the acids may be 
normal, diminished, or absent in the presence of ulcer Furthermore, 
hyperchlorhydria occurs in other conditions It is of little diagnostic 
value but is a point in favor of peptic ulcer when the differential diag 
nosis from syphilis or cancer arises 

(h) The Total and Combined Acidity — The total acidity tends 
to vary with the free hydrochloric acid The combined acidity 
(difference between the two) may be increased due to excessive neutral 
ization of hydrochloric acid or due to the production of organic acids 
by fermentation The latter occurs only when the free hydrochloric 
acid is low Therefore, w hen the free hydrochloric acid figure is normal 
or high the total acid figure represents the actual acid due to gastric 
juice (if acids have not been ingested) more accurately than does the 
free acidity, while either may be the more accurate if the free acid is 
low 

(») The pH —This is decreased (i 4 or less) in the conditions listed as causing 
hyperchlorhydria and increased (20 or over) in those causing achlorhydria or 
hypochlorhydna It is not a satisfactory substitute for the titration methods 

(j) Lactic Acid — This should be tested for if the free hydrochloric 
figure is less than 30 Its presence is due to a sufficient stasis and 
decrease in acidity to permit fermentation It is, therefore, found in 
many cases of carcinoma, but may occur in any other condition giving 
nse to stasis with hj pochlorhydna Since a small amount of lactic 
acid is present in certain foods, onlv a distinct test is significant 

(L) Blood 1 — Small amounts, particularly if still red, may be due to 
trauma from the stomach tube Blood which has been in contact with 
acid for more than a lew moments is changed to acid hematm (brownish) 
Considerable amounts of changed blood give the appearance of coffee 
grounds The causes of blood m the stomach contents are 

(1) Peptic ulcer Ulcer of the duodenum, the stomach or esoph 
agus, or near the orifice of a gastroenterostomy is the most common 
cause in persons under 40 years of age 

(2) Carcinoma of the stomach or esophagus This is the most 
common cause in persons over 40 years of age 

(3) Vances in the lower end of the esophagus or cardiac end of the 
stomach These result from obstruction to the portal or splenic veins 

* Bortz E L Diffuse Hemorrhage from the Stomach Arch Int Med 50 1-26 (July) 

Rivers, A B , and Wilbur D L Intrinsic Gastroduodenal Lesions as Causative Fac 
tors of Hematemesis Arch Int Med s° 621-634 (Oct ) 1932 
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such as occurs in cirrhosis of the liver, Banti’s disease, or thromboses of 
these veins Large hemorrhages occurring intermittently are char- 
acteristic of this condition 

(4) Benign tumors These are rare 

(5) Chronic passive congestion 

(6) Violent or prolonged vomiting from any cause 

(7) Agonal erosions of the gastnc mucosa These occur in mon 
bund patients 

(8) Sin allowed blood This may be from a cracked nipple of the 
mother in infants, from the mouth if there are bleeding gums or ulcers, 
from the nasopharynx, from the lungs, trachea or bronchi in any of the 
conditions listed as causes of hemopty sis, or in all types of ulcerations 
of the esophagus including peptic ulcer, carcinoma of the esophagus or 
lung, ruptured mediastinal lymph node, or leaking aortic aneurysm 

(9) Hemorrhagic diseases 

(10) Diffuse hemorrhage or hemorrhage from erosions This is 
commonest between the ages of 20 and 40 and occurs in cases of dia- 
phragmatic hernia and m persons who are apparently perfectly well 
It may complicate a great variety of diseases due to infections, cardio 
vascular pathology, or chemical poisons The diagnosis must be made 
by exclusion of the other causes 

The causes listed under (5) to (10) inclusive are often overlooked in 
attempting to interpret the presence of blood in the gastric contents 
The absence of blood does not exclude any of the diagnoses listed 
A positive blood test will, of course, be secured if meat is present in the 
stomach contents 

( 1 ) Food Residues from a Previous Meal — Identification of such resi 
dues indicates stasis This may be due to 

(1) Impaired motility This occurs in acute or chronic atonic 
dilatation of the stomach 

(2) Obstruction at or near the pylorus Stasis results only after 
decompensation has occurred Peptic ulcer of the stomach or duo 
denum, active or healed, is the commonest cause in adults, but it may 
be due to carcinoma, to benign tumors, to spasm of the pyloric ring, or 
secondary to high intestinal obstruction In infants it is often a result 
of congenital pyloric stenosis 

(m) Boas Oppler Bacilli — These are significant only if they are 
present in large enough numbers to be found in almost every field on the 
slide They may occur in any condition producing stasis with dimm 
ished acidity and arc most common in carcinoma producing pyloric 
obstruction 
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(n) Sarcmae — These are, also, significant only if present in large 
numbers They indicate stasis without decrease in acidity Hence, 
they are most common m ulcers producing pyloric obstruction and their 
presence is a point against, but does not exclude, the diagnosis of 
carcinoma of the stomach 

(o) Tubercle Bactlli 1 — An examination of the fasting stomach con- 
tents for tubercle bacilli by the concentration technic is indicated when 
pulmonary tuberculosis is suspected and sputum examinations are 
negative This is especially valuable in children 


(p) Pus —This is rarely found in stomach contents If grossly purulent stom 
ach contents are found in a patient complaining of severe epigastric pain, phlegmon 
ous gastritis should be considered as a possibility A source in the mouth or 
respiratory tract must be excluded 

2 Fasting Stomach Contents — The interpretation is the same as for contents 
taken after the Ewald meal with the exceptions that absence of acid is somewhat 
less significant and increase m volume is more significant, while food residues from a 
previous meal and tubercle bacilli are more easily detected 

3 Vomitus — Valuable information is often lo-t by failure to examine vomitus 
Such an examination may obviate the necessity of a test meal Volume variations 
and food residues must be interpreted in relation to the volume of the last meal 
and the time since it was ingested Lactic acid and blood are of little significance 
unless present in large amounts Hematemesis may result from any of the causes 
listed for blood in gastric contents after an Ewald meal but occult blood may be due 
to meat, and even gross hemorrhages may be due to violent vomiting alone* 
If there is any question of poisoning it is important to save the vomitus 
or fasting stomach contents in a sealed container in a refrigerator for toxicologic 
examination 

4 The Histamine Test s — This should be done as the initial test if pernicious 
anemia is suspected and as a control on any patient showing achlorhydria or hypo 
chlorhydna to the Ewald test meal It is superior to the Ewald meal for determina 
tion of gastric ability to secrete acid and inferior for other purposes The normal 
clinical figures for maximum total acidity (the free hydrochloric acid is about 
io points less than the total acidity so that it need not be estimated) which occurs 
in the xo minute interval between 20 minutes and 30 minutes after the histamine 
injection are 30 to 150 cc and the normal volume of secretion is 5 to 60 cc for this 
10 minute interval Achlorhydria or hypochlorhj dna after this powerful stimulus 
is much more significant than after an Ewald meal The interpretation of abnor 
mil results is the same as is given for the Ewald meal Only about 10 per cent of 
normal persons show achlorhydria with this technic 


* Ultnar D and Ornstem G G Gastric Examination in Pulmonary Tuberculosis with 

Negative Sputum JAMA iot 835-836 (Sept 9) 1933 

1 Mallory, G K and W eiss S Hemorrhages from Lacerations of the Cardiac Onnce 
of the Stomach Due to Vomiting Am J Med Sc 178 506-515(001)1929 

* Polland W S Histamine Test Meals An Analysis of Nine Hundred and Eighty 
Eight Consecutive Tests Arch Int Med 51 903-919 (June) J 933 

Babkin B P Some Recent Advances in the Physiology of Gastric Secretion 
Digest Dis 5 107-112 (Apr) 1938 
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Blood, not due to trauma from the stomach tube, which is found more than ten days 
after adequate therapy has been started in a case thought to be gastric ulcer, should 
lead one to consider the possibility of carcinoma 

r Blood Chloride Estimation — This test is indicated in any 
patient with severe vomiting, prolonged diarrhea, Addison’s disease, 
muscle cramps, or profuse perspiration It is of medicolegal value in 
determining whether death was due to drowning to do chloride esti 
mations on blood from the right and left ventricles of the heart 

1 Normals — These are 350 to 550 mg of sodium chloride per 
100 cc of whole blood or 570 to 620 mg per 100 cc of plasma 

2 Interpretation — There are no important causes of a high blood 
chloride The causes of a low blood chloride are as follows 

(a) Loss of Hydrochloric Acid — -The commonest cause is vomiting, 
especially that of intestinal obstruction or pvloric stenosis Gastric 
or duodenal fistula are less common causes In some cases of acute or 
chronic dilatation of the stomach, a sufficient amount of gastric juice 
is retained in the stomach to lower the blood chlorides Low blood 
chlorides frequently occur in patients being treated b> continuous 
aspiration of the stomach An alkali reserve is always indicated in 
addition to the blood chloride estimation in this group 

(b) Loss of Neutral Chlorides — All causes of prolonged, profuse 
diarrhea or perspiration may produce this result Severe muscle 
cramps 1 characterize the dinical picture The svndrome of heat 
exhaustion may occur 

(c) Loss of Chlorides and Alkali — Pancreatic fistula is the only cause 
Acidosis is associated 

(d) Deficient Chloride Intake — A restricted chloride intake may pro 
duce symptoms of chloride deficiency and frequently contributes to the 
lowered blood chlonde in the above conditions Sodium chloride is 
often restricted in the diet without sound reason Edema is the onlj 
condition in which the evidence for benefit from restriction of sodium 
chlonde seems adequate 

(e) Addison* s Disease —Low serum sodium and high potassium 
seem to be one of the most important disturbances in Addison’s disease 
Since the sodium level in the plasma parallels the chlonde level, a low 
blood chlonde is the rule m untreated Addison’s disease The level of 
the blood chlonde may be used as a guide to therapy with sodium salts, 
low potassium diet and cortin 

In groups (a) to (e) administration of sodium chlonde is indicated 

(f) Loss of Chlorides into Exudates or Transudates This accounts 
for the lowered blood chlonde in pneumonia and bums Symptoms of 

1 Talbott J H Heat Cramps Medicine 14 3*3-376 (Sept ) X93S 
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chloride deficiency rarefy occur in pneumonia but are not uncommon 
after severe bums Administration of chlorides is not indicated m 
pneumonia but large amounts of dilute sodium chloride solution bj 
mouth or intravenously are of great v alue in the the rap) of severe burns 
Chlonde excretion in the urine is decreased in all the above con 
ditions A faint cloud in the qualitative test for chlorides m the urine 
is sometimes used as a point in favor of a diagnosis of lobar pneumonia 
(g) Medicolegal Application — A comparison of blood chlonde esti 
matrons made on blood aspirated from the left and right ventnclcs of 
the heart will aid in a medicolegal decision as to whether death was due 
to draw ning or the body was thrown into the water after death occurred 
In drowning in fresh water, the blood of the left ventricle will have a 
markedly lower chlonde content than the blood of the nght ventncle, 
and ui drowning in salt water, the opposite is true 


II DUODENUM AND PANCREAS 

Duodenal contents consist of a mixture of the secretions of the duodenal mucosa 
pancreatic juice, stomach contents bile and any transudates exudates or loner 
intestinal contents which may be added under pathologic conditions Hence, the 
results are difficult of interpretation Duodenal contents may be removed by the 
duodenal tube and examined for pancreatic ferments or magnesium sulphate may 
be instilled according to the MeltxcrLson technic and the bile thus caused to lion 
may be withdrawn and examined When the entrance of the tube into the duode 
nam is proved by fluoroscopy failure to demonstrate more than a trace of bile 
pigment in the fluid withdrawn is good evidence for complete obstructive jaundice 
The presence of cholesterol crystals or calcium bilirubinate granules in concentrated 
(B) bile is said 1 to suggest the presence of gall stones Bactenologic studies 1 of 
this bile have not proved reliable m the diagnosis of infections of the biliary tract 

The amy lase* concentration m the blood is increased in diseases of the pancreas 
which involve the acini or ducts Amyiopsm and other pancreatic enzymes may be 
absent from the duodenal contents in very extensive pancreatic disease or in 
obstruction to the pancreatic ducts 


III THE LIVER AND BILIARY TRACT 
A Resume of (he Essential Points tn Anatomy , Physiology, 
biochemistry, and Pathology * 0 

'Rousselot, L M and Bauman, L Cholesterol Crystals and ‘ Calcium Bilirubinate 
Granules Their Significance in Bile Obtained Through the Duodenal Tube J A 'I A 
,0 °. (Jan 28) 1933 

* \auss R U ,Lalce M andTorrey J C A Critical Analysis of the I yon Bile Drain 
*« Technic As An Aid to Bactenologic Diagnosis J Lab and Clin Med i? 100-132 
tNov) 1931 

_ Liman, R Blood Amvlase in Relation to Disease of the Pancreas Arch Ini Med 
48 81^-835 (Nov) 1931 

* Best C II , and Taylor N B The Physiological Basis of Medical I ractice I p 
W ilfum VS ood A Co Baltimore 1037 

Miaa F C The Effects of Complete and of Partial Removal of the Liver Medic nr 


6 410-511 (December) 1917 
I'T A C, PhvsiQlocve 


vy A C. Physiology of Call Bladder Physiol Rev i< 1-101 (Jan.) 1 934 
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in bile pigment in the blood may or may not occur, depending on the proportion 
of the biliary tract which is occluded If it is completely occluded, no bile will 
enter the duodenum and jaundice will, of course, be present 

Partial occlusions anywhere m the biliary tract tend to produce dilatation 
above the point of obstruction But a preceding inflammation which has resulted 
in scar tissue formation will prevent this dilatation All types of obstruction 
in the biliary tract with the exception of obstructions in the cystic duct tend to 
produce increase in the bile pigments m the blood stream and to decrease the 
amount of bile entering the duodenum 

Complete obstruction m the common duct or in the ampulla of Vater is the 
commonest type of obstruction which occurs It does not result in “hydrops" 
of the gallbladder but does produce jaundice 

Even m complete obstruction small amounts of bile pigment reach the intes- 
tinal tract indirectly by way of the blood stream and the various secretions which 
are poured into the digestive canal 

3 The Bile Pigments 1 — Bilirubin is formed from the destruction of hemo- 
globin wherever this occurs, but normally chiefly in the spleen, bone marrow, 
or liver It is, however, in a form which will not pass through the kidneys 
into the urine and, theoretically at least, will not give the direct van den Bcrgh 
test It is earned by the blood stream to the liver where it is transformed to a 
form of bilirubin which is excretable by the kidney and, according to the theory, 
will give the direct van den Bergh test It is then normally excreted through the 
bile capillanes and ducts into the gallbladder, where the bile is concentrated 
to approximately one-tenth volume before it passes into the intestine In the 
intestine the bilirubin is reduced by the action of colon bacilli to urobilinogen, 
formerly called hydrobilirubin Most of this is excreted in the feces, giving 
to them their normal color, but some is reabsorbed and earned by the portal 
vein to the liver where it is changed back into bilirubin and reexcreted into the 
intestine Even the slightest liver damage, however, permits that portion of the 
urobilinogen which reaches the damaged region in the liver to pass through int< 
the systemic circulation, and this is excreted in the urrne if renal function is no 
greatly impaired After standing or on exposure to light the urobilinogen 1 1 
gradually oxidized to urobilin Bilirubin is reddish yellow in color but is readily 
oxidized to the green pigment bihverdm 

From the above facts the following generalizations are possible (a) 
increased destruction of hemoglobin within the body will increase the bilin 
content both of the circulating blood and of the bile entering the intestine, 
the direct van den Bergh test should be negative and bilirubin will be ab! 
from the unne Urobilinogen in both stool and unne will be increased 
is the syndrome of hematogenous jaundice 

(b) Partial obstruction, whether m the bile tracts or the liver, will incr< 
the bilirubin content of the systemic blood and decrease the bilirubin center 
bile entering the intestine The direct van den Bergh test should be posit 
The tests for bile pigments and urobilinogen in the urrne will be positive and 
urobilinogen will be decreased in the stool 


'Editorial Interrelation of Bile Pigment and Hemoglobin J A M A 96 1 3 r °f 

Rich A R The Pathogenesis of the Forms of Jaundice Bull Johns Hopkins 1 
47 338~377 (Dec) 1930 j 
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(c) Complete obstruction will produce a greatly increased bilirubin content 
of the blood with a strongly positive direct van den Bergh test, and abundant 
bilinibmuna, but as no bile pigment enters the intestine no urobilinogen is 
formed, and, therefore, urobilinogen is absent from both stool and unne The 
absence of urobilinogen from the urine in a case of obvious jaundice is the 
most conclusive test of a complete biliary obstruction If urobilinogen is present, 
however, the existence of colon bacillus infection of the biliary or urinary tract 
must be ruled out before it can be concluded that complete obstruction is not 
present 

(d) Rapid passage of bile through the intestinal tract will not allow time for 
conversion of bihrubm to urobilinogen and some of it will be present in the stool 
is bilirubin or its oxidation product biliverdw 

B Function Tests 1 — Tests designed to determine the abilitv of 
the liver to perform each one of its numerous functions ha\e been 
devised, 2 but have not jet been adopted generally Hv pogly cemia 3 
b being found in some of the more severe tjpes of fiver damage The 
tests interpreted below are those which give the most information but 
even these tests often fail to add an> thing to the inlormation obtained 
from a good history and phjsical examination 

i Bile Pigment (Bihrubm or Bill verdin) and Bile Salts in 
the Urine — These should always be tested for it clinical jaundice is 
present, if a cause of jaundice is suspected, or if the unne is dark yellow 
or brown in appearance Bile pigments are much more frequently 
present than are bile salts so that pigment tests as well as bile salt tests 
should be done 

Positive tests for either pigments or salts or both, may be found 
“all the conditions listed below that show an icterus index above 15, 


i' 
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txcept the hematogenous jaundice group It must be remembered 
however, that hemolytic icterus (acholuric jaundice) strongly predis 
Poses to the formation of gallstones and that gallstones may produce 
obstructive jaundice Hence, bile pigment in the unne does not exclude 
Ihe diagnosis of hemolytic icterus but its appearance after this diagnosis 
has been established should suggest the possibility of co existent 

S^btones 


5 Urobilinogen* in the Unne — -This is much the most sensitive 
^ of liver function available It is so simple that it could with 


G M and Rothman, M M Practical Value of Liver Function Tests A 
?5f u ' e Study JAM A,gi 1768-1774 (Dec g *9* 8 ... . , m Th , 

P A Greene C H andRonntree L G Diseases of the User V III The 
Types of Syphilis of the Liver with Reference to Tests for Hepatic Furcuon 
iIe f 44 Vs 5- *93 (Aug ) \^9 The preceding article* in this series by Greene 
f D< * °^ ers arc equally worthy of study 

crlY*'"'""?! oKr J A Hepatogenic Hyposljcernu Associated »Ab I’r. 
‘i'S’ Ml Carcinoma Arch int Med 44 7cn-Jt° . „ „ 

0 E and Diamond J S The Si s nificnneeof Urobilinogen in the Vrme ai 
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serum or plasma due to pigments derived from yellow and green vege 
tables It differs from true jaundice in that the sclerae are not altered 
in color and the calluses of the palms and soles arc most markedly 
jellow It is especially common in diabetes melhtus because of the 
type of diet usually prescnbed The yellow pigment can be extracted 
from the blood serum or plasma with petroleum ether in which bilirubin 
is not soluble 

All interpretations given below presuppose that the increase is due 
to bilirubin 

(a) Normals — The normal values art 4 to 6 in either adults or 
children 

(b) The Conditions Which May Produce an Icterus Index of 0 er 15 
(clinical jaundice) — (1) Obstructive jaundice This may result from 
any obstruction in the biliary tract preventing or impeding the outflow 
of bile This is by far the commonest cause of a greatly increased 
icterus index It is most often due to a stone in the common duct or 
to carcinoma of the head of the pancreas, but inflammation in the 
biliary tract, scar tissue contraction, metastatic malignancy m the 
adjacent 1> mph nodes, and numerous other conditions may produce this 
syndrome A normal icterus index does not exclude any of these diag 
noses although it does exclude any great degree of interference with the 
escape of bile from the biliary tract This test should be frequently 
repeated in this group of cases to determine whether the tendency is 
to clear up as in stone or to persist as m carcinoma Even icterus due 
to carcinoma may temporarily disappear, however, due to reabsorption 
of the penmahgnant edema, or to sloughing of the portion of tumor 
tissue which is obstructing the duct 

(2) Hepatogenous jaundice Diffuse liver damage is the usual cause 
The degree of increase in the icterus index is very variable in this group 

An icterus index above 30 is the rule in “catarrhal jaundice” (really 
a diffuse hepatitis), in acute syphilitic hepatitis, in acute yellow atrophy 
of the liver (a very rare condition), m obstructive biliary cirrhosis (due 
to a chronic obstruction in the biliary tract), and m Hanot’s cirrhosis 
(very rare) 

An icterus index of 10 to 20 is the rule in Laennec’s (also called 
portal, atrophic, or alcoholic cirrhosis) cirrhosis, Banti’s disease, the 
various chronic forms of syphilis of the liver and in the liver damage 
occurring in pernicious vomiting, eclampsia, or in poisoning from chloro 
form, cinchophen, organic arsemcals, or phosphorus In any of this 
group the icterus index may be normal or may rise to above 30 Such 
a high index m this group indicates a more serious prognosis 
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Patchy lesions in the liver may produce any variation from no 
alteration in the icterus index (which is most common) to the most 
extreme increase, depending in part upon the amount of liver tissue 
destroyed, but chiefly on whether or not they happen to obstruct 
important bile passages The important lesions in this group are 
primary and secondary malignant tumors, abscesses (pylephlebitic, 
cholangitic, pjemic, or amebic), gummata, tubercles, and echinococcus 
cysts of the liver 

(3) Hematogenous jaundice This results from increased hemo 
globm destruction within the body Bile pigment is usually absent 
from the urine in this group Icterus neonatorum, 1 erythroleuko 
blastosis, pulmonary infarction, and familial hemolytic icterus are the 
only conditions in which clinical jaundice due to excessive blood 
destruction is the rule It may occur, however, in any of the causes 
listed below for latent hematogenous jaundice, and in phenylhydrazine 
poisoning, due in part to blood destruction and m part to toxic action 
on the liver 

(c) The Conditions Which May Gue Rise to an Icterus Index of 
6 to is (latent jaundice not clinically detectable) — The chief value of 
the test is its ability to detect these slight grades of increase m the bile 
pigment in the blood 

(1) Partial or early obstruction in the biliary tract The causes are 
the same as those listed under (b) (1), but latent icterus is found onlj 
in the stages of onset or of disappearance of the obstruction, or if the 
obstruction remains slight 

(2) Disease of the liver The great majority of the cases belonging 
in this group (see (b) (2) above) are characterized bj latent icterus 

(3) Blood destruction Latent icterus is the rule m this group with 
the exceptions noted under (b) (3) above The other important 
causes are the following pernicious anemia (differentiates it from non 
hemoljtic anemias m which the icterus index is low), other hemolvtic 
anemias, malaria, the reabsorption of internal hemorrhages (ruptured 
ectopic pregnancy, postoperative hemorrhages, etc may often be 
suspected if an otherwise unexplained rise in the icterus index occurs), 
and reabsorption of pigment from hemorrhagic infarcts or from pas 
stvely congested lungs (brown induration) The last condition not 
infrequently gives rise to a high icterus index in heart disease Clinical 
jaundice in heart disease (icterus index above 15) usually means exten 
si\e pulmonary infarction, although the passive congestion of the 

' Snelling C E Icterus Neonatorum J Ped 2 399 (April) 1933 
Gordon M B , and Kemclhor M C Icterus Neonatorum J Ped 2 68s (June) 
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lungs and liver is undoubtedly also of importance An increase in the 
icterus index favors hemorrhage, rather than thrombosis, embolism or 
spasm, as the pathology underlying a cerebral vascular accident An 
increase m the icterus index favors dissecting aneurysm rather than 
coronary occlusion as the cause of sudden severe pain in hypertensive 
disease 

The increase in the icterus index in pneumonia, typhoid fever, 
and other infectious diseases has the same serious import long given to 
jaundice in these diseases It is claimed that in known peptic ulcer a 
high index suggests a site in the duodenum rather than in the stomach 
The roentgen ray examination is much more reliable for this localization 

(d) The Causes of an Index Below Normal — These include all cases 
in which there is a lessened blood destruction within the body, hence, all 
types of anemia due to loss of blood from the body or to deficient func 
tion of the bone marrow 

Undoubtedly in many cases there are \ anous combinations of bill 
ary obstruction, liver damage, and blood destruction, all playing a 
part m the production of the increased bile pigment level in the blood 


4 The van den Bergh Test* for Bilirubin in Plasma or Serum —This is supposed 
to distinguish between bilirubin that has passed through the liver (obstructive 
jaundice) which gives the direct reaction and bilirubin that has not passed through 
it (hemolytic jaundice) which gives only the indirect reaction A quantitative 
estimation of bilirubin is possible but is more difficult and less accurate than the 
icterus index determination 

The icterus index is recommended as the quantitative test with a qualitative 
direct van den Bergh to be done in addition on those rare cases in which the clinical 
findings do not indicate whether the icterus is hemolytic or obstructive in type 
remembering that a negative direct reaction is common even in the cases of partial 
obstruction when the icterus mdex is still low 

(a) Interpretation — Normals should give only an indirect reaction and an esti 
mation of o 05 mg to o 25 mg per 100 cc Actually, normals usually give a color 
too pale to read at all A direct reaction supposedly indicates obstructive jaundice 
and is usually associated with a high indirect reaction and an increased icterus 
mdex A biphasic or delayed direct reaction is believed by some to indicate disease 
of the liver itself Absence of the direct reaction is supposed to rule out obstructive 
jaundice An increased indirect reaction is supposed to occur in all types of hemoly 
tic icterus whether latent or obvious (pernicious anemia, acholuric jaundice, etc) 
In my expenence the clinical study of the patient is more apt to give correct results 
than is the van den Bergh test My clinical results with this test agree with the 
experimental observations of Smder and Reinhold 1 in suggesting that the cbarac 
ter of the van den Bergh reaction (direct, delayed, biphasic indirect) depends 


‘Barron E J G and Brums tead J H The Pathogenesis of Early Obstructive Jaun 
dice J of Exper Med 47 999^1012 (June) 1928 , _ , „ 

* Smder H F and Reuihold J G A New Interpretation of the Van den Bergh Keac 
tion Am J Med Sc x8o 248-25S (Aug ) 1930 
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on the concentration of bilirubin in the blood stream rather than on the mode 
of production of the increase and that, consequently, it adds little if any infor 
mation to that denved from the icterus index 

5 Dye Excretion Tests — Many such tests hav e been proposed, but the brom 
sulphalem test 1 * * 4 seems the most satisfactory It is indicated when severe diffuse 
liver damage is suspected for any reason The results will usually confirm a previ 
ously formed clinical impression rather than give any really new information Dye 
retention parallels jaundice so closely that little additional information is denved 
by doing it in patients showing clinical icterus 

(a) Normals — Complete disappearance of the dye from the blood occurs within 
30 minutes Since patchy liver damage maj give normal results a pathologic 
result is more significant than a normal one 

(b) Interpretation — More than a trace of dj e at 30 minutes is abnormal The 
per cent of dje retention indicates roughly the amount of liver damage 

The causes of impaired dye excretion aside from obstruction to the biliary tracts 
are acute yellow atrophy of the liver, cmchopben phosphorus, chloroform or 
arsphenamm poisoning eclampsia, cholecjstitis and cholangitis, cirrhosis of all 
types, carcinoma of the liver, Weil’s disease, yellow fever, and others The degree 
of impairment depends more on the proportion of total liver tissue involved than 
on the seventy of the lesion, eg,* catarrhal jaundice" (actually a diffuse hepatitis) 
shows greater impairment of function as a rule than does pnmary or secondary 
carcinoma of the liver because the normal liver tissue intervening between the 
cancer nodules is able to carry on the liver function quite well 

Graham* has suggested the use of Phenol tetraiod phthalein Sodium (Iso 
lodeihon) as a combined dje test of liver function and radio-opaque substance for 
use in roentgenologic study of the gall bladder by the Graham Cole technic The 
test is convenient whenever both studies are desired The directions accompany 
the dye 1 Normal values arc retention of xo per cent or less at 30 minutes and 
5 per cent or less at one hour and the interpretation is the same as that given for the 
bromsulphalein test 

6 Galactose Tolerance Test * — This test was introduced by Richard Bauer as a 
method for distinguishing diffuse liver damage such as occurs in hepatitis or 
cirrhosis from patchy lesions in the liver or obstructive jaundice It may be done 
in all cases in which such problems arise The norma] result is an excretion of 
less than 3 gm of galactose in the urine after the oral administration of 40 gm 
Unfortunately, the original hope that it would distinguish between obstructive and 

1 CanUrow A The van den Bcrgh Reaction and the Bromsulphalein Test in the 
I slimation of Hepatic I unctional Impairment Am J Med Sci 184 118-240 (August) 
*93* 

* Graham 1 A Cote W II Copher G II and Moore S Diseases of the Gall 
Madder and Hite Ducts I p 337-308 Lea and I ebiger Philadelphia 1918 

* Obtainable from Mallinckrodt Chemical \\ oris St Louis Mo 

4 Rosenberg D II The C alactose and Urobilinogen Tests in the Differential Diagnosis 
of Obstructive and Intrahepatic Jaundice Ann Int Med 8 60-71 (July) 1934 

Tumen H J and Piersol C M The \alue of Alimentary Calactosuria in the Diag 
nosis of Jaundice Ann Int Med 7 311-329 (Sept ) 1913 

Banks H M Sprague P If and Snell A M Clinical Evaluation of the Galactose 
Tolerance Test I A M \ 100 108 -1993 (June 4) 1033 

Sha> II andlieman I The ( alscloM: tolerance Test in Jaundice a Consideration 
of the Fvidence Permitting the Measurement of Galactose Utilization bv Unnan J-xcre 
tion Some Sources for Irror in its Interpretation and an Addition in Routine Technic 
Ann Int Med 10 129 -1303 (Mar ) 1037 
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intrahepahc jaundice has not been borne out, possibly because common duct stones 
are so frequently associated with some degree of hepatitis The greater the excre 
tion of galactose m the urme the more probable is it that there exists diffuse hepatic 
damage An excretion of over 5 gm of galactose rarely occurs unless hepatitis or 
diffuse liver damage is present Such a positive galactose test is probably the most 
conclusive laboratory sign of diffuse injury to the hepatic cells However, a normal 
test does not exclude this nor does a high result prove that the jaundice is not of 
the obstructive type 

7 Tests Discussed m More Detail in Other Chapters Which Are of Value in 
Liver Disease —(a) Tyrostn 1 and Leucm in the Urine —These may be detected as 
crystals on microscopic examination, or tyrosin may be suspected if a positive Mil 
Ion s test is secured on protein free unne Their presence indicates severe diffuse 
liver disease such as occurs typically in acute yellow atrophy, but small amounts 
have been found in ‘catarrhal jaundice " 

(b) Asctltr Fluid — This appears in passive congestion of the liver, Laennec s 
cirrhosis, syphthtic cirrhosis and late in the course of Banti’s disease, but is uncom 
mon in other types of liver disease It should be studied and will be found to have 
the characteristics of a transudate in cases of these types \\ hich are uncomplicated 
by peritonitis or malignant tumors Sudden increase in the amount of fluid in a 
case of Laennec’s cirrhosis, particularly if the fluid also changes in character, should 
suggest the possibility of a primary carcinoma of the liver superimposed on the 
cirrhosis Rapid reaccumulation of ascitic fluid over a long period of tune 
approaching an exudate in character, should suggest the rare extensive perihepatitis 
and perisplenitis, usually called “Zuckerguss' liver and spleen 

(c) The Congo Red Test — This should be done if amyloidosis is considered to be a 
possible cause of the liver involvement 

(d) Increase tn the Ammonia Nitrogen at the Expense of the Urea Nitrogen in the 
Urine — This occurs in the more severe forms of liv er disease as well as in some types 
of acidosis and cystitis 

8 Other Liver Function Tests 1 — A great many hver function tests have been 
developed and more constantly appear Most of these are either too expensive or 
troublesome to be practical or have not demonstrated any advantages over the 
tests given above or are so new that an accurate appraisal is not jet possible 


1 Lichtman S S Origin and Significance of Tyrosinuna in Disease of the Liver 
Arch Int Med 53 680-688 (May) 1934 

* Yegge W B A Critical Review and Evaluation of Tests for Liver Function Ann 
Int Med 8 907-919 (Feb ) 1935 

Cantarow, A , and Nelson J Serum Phosphatase in Jaundice Arch Int Med 59 
1045-1050 (June) 1937 

Tlood C A Gutman Ethel B and Gutman A B Phosphatase Activity Inorganic 
Phosphorus and Calcium of Serum in Disease of Liver and Biliary Tract A Study of One 
Hundred and Twenty three Cases Arch Int Med 59 981-999 (June) 1937 

Mills M A and Dragstedt C A Removal of Intravenously Injected Bromsul 
phalem from the Blood Stream of the Dog A Comparison of the Removal of Intravenously 
Injected Bilirubin and That of Bromsulphalem Arch Int Med 62 216-251 (Aug ) 1938 

Ep tern E Z , and Greenspan E B CUmcal Significance of the Cholesterol Partition 
of the Blood Plasma in Hepatic and in Biliary Diseases Arch Int Med 58 860-890 
(Nov ) 1936 

Kuk R C The Takata Ara Test and Its Relation to Cirrhosis of the Liver J A 
M A 107 1354-1357 (Oct 24) 1936 , t . 

Soffer L J , and Paulson M Comparative Advantages and Further Modification ot \ 
the Bilirubin Excretion Test for Hepatic Function Am J M Sc 192 53S"54° (Oct ) 193& 

Soffer L J Dantes D A and Sobotka H Utilization of Intravenously Injected 
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IV THE INTESTINAL TRACT 


A Resume of Essential Points in the Physiology , 1 Biochemis- 
try, and Pathology 


The chief function of the small bowel is the absorption of the end products of 
digestion The end products of carbohydrate digestion are monosaccharides, 
of protein digestion, ammo acids, and of fat digestion, fat acids and glycerol 
Much of this digestion takes place during the time of passage through the upper 
portion of the small bowel In addition, bile salts, most drugs, part of the water, 
and some urobilinogen are absorbed The tune for the passage of intestinal 
contents from the stomach into the large intestine is normally 3 to 6 hours 
Passage through the large intestine requires much more tune, usually 24 to 30 
hours The total tune from ingestion of a meal to defecation of the residue 
therefrom (best detected by ingestion of o 3 gm of carmine in capsules) is, 
therefore, normally 30 to 40 hours, but only periods under 24 hours or over 48 
hours should be regarded as deviations from the normal 

The composition of the intestinal contents is extremely complex It vanes 
progressively during the passage through the intestinal tract The contents of 
the duodenum have been mentioned As this complex fluid mixture passes 
through the jejunum and ileum, digestion and absorption progress as above 
outlined until relatively little nutntive matenal remams when the mixture reaches 
the cecum The number of bactena progressively increases as the ileum is 
traversed and suddenly mounts to about 50 per cent of the solid content m the 
large bowel The contents of the cecum and transverse colon are still fluid, 
but water is absorbed at such a rate in the large bowel that the contents of the 
splenic flexure and sigmoid are normally semifluid or formed and the normal stool 
as passed is sufficiently soft to be readily molded during its expression through 
the anal sphincter and yet firm enough to retain its form About 50 per cent of the 
dry weight of the stool consists of bactena (mostly dead) The remainder con- 


Sodium d Lactate as a Test of Hepatic Function Arch Int Med 6j 918-924 (Dec) 
1938 

Soffer L J Dantes D A , Newburger R and Sobotka II Metabolism of Sodium 
d Lactate II Utilization of Intravenously Injected Sodium d Lactate by Patients with 
Acute Diffuse Parenchymal Injury of the Liver Arch Int Med 60 882-886 (Nov ) J937 
Bojce F F , and McFetridge Elizabeth M Studies of Hepatic Function by the 
Quick Hippunc Acid Test I Biliary and Hepatic Disease Arch Surg 37 401-426 
(Sept ) 1938 

Boyce F F and McFetridge Elizabeth M Studies of Hepatic Function by the 
Quick Hippunc Acid Test II Thyroid Disease Arch Surg 37 427-442 (Sept ) 1938 
Boyce F F and McFetridge Elizabeth M Studies of Hepatic Function by the 
Quick Hippunc Acid Test III \ anous Surgical States Arch Surg 37 443-4SS (Sept ) 
1938 

Altbausen T L Gunther L Lagen J B and Kerr W J Modification of the 
Dextrose Tolerance Test as an Index of Metabolic Activity of the Liver Arch Int Med 
46 48J-493 (Sept ) *93° 

Ricketts H T Function of the Liver An Appraisal of the Modified Dextrose Toler 
ance Test Arch Int Med 52 147-IS7 (July) *933 

Rowe A W Plummer A J and McManus Mary A The Metabolism of Levulose 
I Some General Considerations on Provocative Levulosuna Am J Med Sci 180 15 

(July) 1933 „ „ J 

Stowe W P DeJprat G D and Weeks A The Rose Bengal Test of Liver Function 
Am J Clin Path 3 55-60 (Jan ) *933 

1 Hewlett A W Pathological Physiology of Internal Diseases Pp 181-213 Ed % 
D Appleton and Company New York 1928 * 
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bacillary dysentery, or an) purulent inflammation in, or communicating 
with, the large intestine Starch, fat, fat acids and soaps, and muscle 
fibres may be present in increased amounts in any form of diarrhea m 
which the small intestine participates in the increased peristalsis, or 
when abnormal communications exist between the stomach or jejunum 
and the colon, or when senous disease of the pancreas or obstruction to 
its ducts prevents adequate amounts of pancreatic juice from reaching 
the intestine The presence of many undigested nuclei after ingestion 
of a liver meal is suggests e of a deficiency of pancreatic secretion 
Usually the clinical diagnosis of pancreatic disease is made before it 
becomes sufficiently extensive to produce these changes Recent 
ingestion of mineral oil must be excluded as it gives the usual tests for 
fat Excessive amounts of fat, fat acids and soaps are, also, the rule in 
complete or nearly complete obstruction m the biliary tract 

The absence of cormfied epithelium m meconium is diagnostic of 
congenital atresia 1 m the alimentary tract, since normally such cells 
are present due to swallowing of ammotic fluid containing desquamated 
epithelium from the fetal shin 

A search for ova should be included in the microscopic stud) m all 
stool examinations 

E Intestinal Parasites and Then Ca sts o r Ova 2 — i Indica- 
tions for This Examination — Since routine examination of the feces 
for intestinal parasites and their cysts or ova is rewarded in an appreci 
able percentage of cases by finding them (even in temperate climates), 
such an examination is now the rule in some of the best hospitals and 
clinics 

Eosinophilia, unexplained anemia and gastrointestinal symptoms 
are the chief general indications for this examination A few of the 
more specific indications follow 

Chronic or recurrent diarrhea, especially if associated with the 
passage of blood and mucus, is the chief indication for a search for 
amebae, Balantidium colt, ova of Fasciolopsis buskt, or flagellates The 
possibility of amebic ulceration in the colon should not be overlooked 
in searching for the focus of infection in such diseases as chronic infec 
tious arthritis 


» Farber S Congenital Atresia of the Alimentary Tract Diagnosis by Microscopic 
Examination of Meconium JAMA ioo i7S3 -I 754 (June 3) *933 __ 

1 A complete discussion of parasitology would require a book length treatise ,, n . 
anyone who wishes to go more deeply into this subject should consult one of the exceue 
works on parasitology and tropical medicine now available Among the best is Craig 
C F and Faust E C Clinical Parasitology Pp 733 Lea and Febiger Philadelphia 
1937 Space permits only a brief consideration of some of the more important parasi 
of man 
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Vague nervous symptoms in children or the observation of “ w orms * 
in the stool are the chief additional indications for examination for 
parasitic norms or their ova 

Pruritus am, especiall> in children, should cause one to search for 
Oxyuris vermtatlans and its ova 

The presence of a chronic foamy leukorrhea should cause one to 
examine the vaginal secretion for the flagellate Trichomonas vaginalis 

Fever with muscle pains, edema of the eyelids, and eosinophilia 
indicates a search for Trichtnella spiralis in the feces, blood, spinal fluid, 
and muscles 

A cystic tumor in the internal organs of a shecpherder or other person 
intimately in contact nith dogs should arouse the suspicion of < chino 
coccus cyst 

Hematuria in a patient who has been in Egypt recentl} should lead 
one to search for ova of the Schistosoma hematobium in the urine 
Some cases of bilharziasis have occurred in the southern states 

2 Precautions to Be Observed in Collection of Specimens — 
Do not forget that if actwe amebae or flagellates ate to be looked for 
with an> great chance of success, the stool must be fluid or semifluid 
and reach the laboratorj as soon as possible after it is passed and while 
still warm Hence, specific orders relative to these points must be 
given The second stool after a saline cathartic is most suitable for 
flagellates and is satisfactory for amebae Amebae will be most fre 
quently found in mucus or secretions removed with the aid of the 
proctoscope or sigmoidoscope from the base of the ulcers Oxyuris 
icrmiculans ova are most easily found in scrapings from the perianal 
folds or from under the finger nails 

3 Interpretation —Since some intestinal parasites are probabh 
not pathogenic and even the most pathogenic may be present without 
producing s> mptoms, the demonstration of the presence of a parasite 
does not prove that that parasite is responsible for the condition for 
which the patient is seeking relief 

(a) Rhisopoda or Amebae 1 — Endameba histolytica ma> account for 
an acute or chronic djscnter>, for vague gastrointestinal s> mptoms 
or more rarel> for abscesses in the liver, lungs, brain, or other organs 
The Endameba colt Iodamcba wtlliamsi, and Endohmax nana are non 

1 Kessel J F and Mason V R Protozoan Infection of the Human Rowel A Com 
panson of Laboratory and Clinical Observations JAMA 94 1-6 (Jan 4)1930 

James W M Human Amoebusis Due to Infection with Entamoeba histolytica 
Ann Trop Med and Parasitology *a 101-258 (Aug a8) 1928 

Special Articles on Amebic I>> sen tery JAMA 101 1636-1641 (Nov 18) xoi* 

Amebiasis Outbreak in Chicago Report of a Special Committee JAMA lot 
V* eb 3) 1934 
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pathogenic but so commonly present that it is necessary to be able to 
differentiate them from Endameba histolytica If large numbers of 
active amebae are present together with mucus and blood, the diagnosis 
of amebic dysentery is readily established In the less active stages 
the organisms will be fewer and in the quiescent stages chiefly encysted 
and the diagnosis is less simple If only cysts are present with no 
symptoms, the identification is difficult but important, as these earners 
constitute a public health menace If any doubt exists as to the cor 
rect identification it should be made by an expert in parasitology The 
complement fixation test 1 is of value in research studies but a positive 
test does not prove that symptoms are due to amebiasis 

(b) riagellates — Giardia lambha, Chtlomashx mesmli, and Trichomonas homitns 
have been found in the feces of from 3 to 20 per cent of persons living intemperate 
climates and they are still more frequent in the tropics They have each been 
claimed to produce a mild chronic intestinal irritation with diarrhea as the chief 
symptom and they have each been claimed to be non pathogenic Etiologic impor 
tance should certainly not be attnbuted to them unless large numbers of the active 
form are present and no other cause for the symptoms has been determined after a 
thorough study The Trichomonas vaginalis is frequently present m the vagina 
and it is possible that it is responsible for some cases of chrome vaginitis 1 with 
leukorrhea 

(c) Ctliales — Balantidium colt is the only abate affecting man 
It is an occasional cause of diarrhea in farmers It is commonly found 
in the feces of hogs but apparently causes no symptoms 

(d) Cestodes, Flat, or Tape Worms 8 — The Taenia sagmata (beef 
tape worm), Taenia solium (pork tape worm), Hymcnolepis liana 
(dwarf tape worm), and Dipliyllobothrium latum (fish tape worm) are 
the important members of this group in which the adult form occurs in 
man The Taenia solium is rare in the United States, but all the others 
are frequently found Loss of weight and vague nervous or gastro 
intestinal symptoms are said to result from heavy infestations Nor 
mocytic anemias of varying seventy with or without an eosmophiha 
may be produced by these worms, particularly the Diphyllobothnum 
latum Usually, however, there are no detectable changes aside from 
finding of the segments or ova in the stool The Diphyllobothnum 

1 Paulson M , and Andrews J Complement Fixation in Amebiasis A Comparative 
Evaluation in Clinical Practice Arch Int Med 61 562-578 (Apr ) 1938 

Craig C F Observations Upon the Practical Value of the Complement fixation 
Test m the Diagnosis of Amebiasis Am J Pub Health 27 68^-693 (July) 1937 

* Mathieu A Trichomonas Vaginalis A Cause of Vaginitis Northwest Med 29 

«5-*8 (Jan) 1930 . _ . 

* Brown H W In testmal Parasitic Worms in the United States Their Diagnosis and 
Treatment JAMA 703 651-660 (Sept 1)1934 

Suntes E J and Sellers T F Tapeworm Infestations in the Southern United States 
Am J Pub Health 27 893-898 (Sept) 1937 
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latum may cause a very severe anemia 1 which is difficult to distinguish 
from pernicious anemia, but it has not been sufficiently stressed that 
only a small percentage of persons infested with this worm develop 
any anemia and only about o i per cent of infested persons develop a 
macrocjtic anemia closely resembling pernicious anemia 

DtphyUobothnttm latum infestation is as former!} uncommon outside 
of Finland, but the frequency in the United States is increasing, par- 
ticularly in the lake regions of the north central states 

The Taenia echinococcus (dog tapeworm) may pass its larval stage 
in man, producing cysts in the liver, lungs, brain, or other internal 
organs The diagnosis of this rare condition is made by the comple 
ment fixation test Puncture is dangerous as it may lead to anaph} lac 
tic shock or dissemination The presence of typical hooklets in the 
cyst fluid removed at operation confirms the diagnosis 
(e) Nematodes or Round Worms — 

(1) A scans lumbncoides or large round worm Infestation with 
this worm is common It may explain ner\ous or gastrointestinal 
symptoms in children but usually produces no s>mptoms These 
worms have a cunous tendenc} to wander into the bile ducts or appendix 
and so may cause jaundice or appendicitis in rare instances Occa 
sionally such enormous numbers are present as to cause intestinal 
obstruction 

(2) Enterobius ( Oxyurts ) vennicularts, also called the pin worm, 
seat worm or thread worm These occur in the rectum and colon, 
especially in children, causing s>mptoms of pruritus ani 

(3) Necator amencanus or American hookworm Infestation 
with these worms is common in the southern United States It causes 
a severe hypochromic microc>tic anemia and general mal develop ment 

(4) Ankylosloma duodenale. the European or Old-World hook 
worm Infestation with hookworm is an extremel} common cause 
of severe hypochromic microcytic anemia and general undernutrition 
and maldevelopment in tropical and subtropical countries 

(5) Tnchmella spiralis 2 An acute gastroenteritis followed by 
fever, edema of the eyelids, muscular pains and eosinophilia coming on 
after eating improperly cooked pork may be explained by the finding 

1 Birkeland I W Bothriocephalus Anemia Diphyllobothrium Latum and Perm 
cious Anemia Medicine n 1-139 (Feb ) 1932 

Magath T B The Relation of DiphyUobothrmm Latum Infestation to Public 
Health JAMA 101 337-341 (July 29) 1933 

*Hali A A Outbreak of Tnchmiasis m Central Ohio and the Use of the Bachman 
Intradermal Skin Test Ann Int Med 10 1544-1 550 (Apr ) 1937 

Hall M C Studies on Trichinosis VI Epidemiological Aspects of Trichinosis in 
the United States as Indicated by an Examination of 1 000 Diaphragms for Trichinae 
Pub Health Rep 53 1086-1105 (July 0 *938 
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of larvae of this parasite in the muscles, or rarely in the blood or spinal 
fluid Larvae may often be recovered in the feces if a saline cathartic 
is given during the stage of acute enteritis, although this fact is not 
mentioned in most books Infestations too mild to produce clinical 
symptoms are probably very frequent Unexplained eosmophilia 
should lead one to consider this diagnosis The Bachman intradermal 
skin test is of value 

(6) Trtchurts Inchtura , Tnchocephalus dispar, or whip worm 
Thej usually produce no symptoms, but have been thought to cause 
anemia or enteritis in rare instances 

(7) Strongy lotdes stercorahs Discovery of the larvae in the stools may 
explain a chronic diarrhea 

(f) Trematodes or Fluke ]Vorms — 

(1) Schistosoma hematobtum ( Btlhar %a hemalobta) Tbs organism lives in 
the veins of the bladder producing inflammation and hematuria The ova are 
discharged m the unne Bifharziasis is very common in northern Africa but rare 
elsewhere A few cases have occurred in the southern states 

Schistosoma tnansom inhabits the veins of the portal system and the ova are 
found in the feces 

(2) Fasctolopsis bush This is common m India China, and Japan It 
inhabits the duodenum producing a bloody diarrhea 

(3) Clonorchis sinensis This is a common parasite of cats and dogs and of 
man m China and Japan 

(4) Opisthorchis feltneus the cat fluke It occasionally infests man 

V SUMMARY OF THE DIFFERENTIAL DIAGNOSIS OF THE MORE 
IMPORTANT DISORDERS OF THE GASTROINTESTINAL TRACT 

Very few of these diagnoses can be established by laboratory 
methods alone, but valuable evidence supplementing that obtained 
from the history, physical examination, roentgenologic study and 
gastroscopic study can be obtained in each instance The accuracy of 
therapeutic control and of prognosis can be materially increased 
A Diseases — 1 Carcinoma — Hypochromic microcytic anemia 
of chronic blood loss with persistent blood m the stool is common in all 
ulcerated carcinomas and may be the first evidence detected It is 
especially severe in carcinoma of the cecum and ascending colon If 
no other symptoms or signs are present, careful study of the cardiac 
portion of the stomach by fluoroscopy after a banum meal with the 
head lower than the feet will often locate the carcinoma 

Normocytic anemia may occur late in the types of carcinoma not 
associated with bleeding (scirrhous carcinoma or carcinoma of the liver 
or pancreas) or anemia may be absent in such cases 
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Achlorhj dna or hypochlorhydna especially if associated with 
lactic acid formation, Boas Oppler bacilli or evidences of stasis (location 
near pylorus) strongl> suggests carcinoma of the stomach but absence 
of these findings does not exclude this diagnosis 

Impaired liver function, obstructive jaundice, or ascites of either 
exudate or transudate t>pe may occur in primary or secondary car- 
cinoma of the liver but the presence of any or all of these does not 
establish the diagnosis and their absence does not exclude tins diagnosis 
Persistent complete obstructive jaundice suggests carcinoma of the 
head of the pancreas or biliary tract but may be absent or, in rare 
instances, disappear after it has developed 

2 Peptic Ulcer 1 — Intermittent blood in the stools, normocy tic 
anemia of acute hemorrhage or hypochromic microcytic anemia of 
chronic blood loss and hyperchlorhydna are most commonly found, 
but one or all of these may be absent The localization in the duo- 
denum, stomach, or esophagus must be made by other examinations 
A large volume of stomach contents with sarcinae and food residues 
suggests obstruction at the pylorus and indicates study of the alkali 
reserve, blood chlorides, and urea or non protein nitrogen of the blood 
as guides to therapy 

Alkali reserve estimations, stool examinations for blood, and gastric 
analyses for free hy drochlonc acid and pepsin should be repeated during 
treatment with alkalies to make sure that the objects of therapy are 
being attained without the production of an alkalosis Serum protein 
estimations may be desirable before operation to be sure that the level 
is adequate for proper wound healing 2 

3 Intestinal Obstruction — The alkali reserve, chloride, and urea 
nitrogen estimations on the blood are the most important guides to 
preoperative preparation but do not establish the diagnosis Norma' 
findings with these tests do not exclude this diagnosis A stool consist 
ing largely of blood passed after the diagnosis of intestinal obstruction 
has been established suggests intussusception as the cause Erythro 
cytosis (increase in hemoglobin and red cells) indicates dehydration 
requiring intravenous or subcutaneous fluid administration Normal 
or low hemoglobin or red cell count does not exclude anhydremia 
however 

4 Ulceration of the Small or Large Intestine — Occult or gross 
blood in the stool which is often fluid or semifluid is the most constant 
finding If outside the stool and if hemorrhoids or carcinoma of the 

1 Mann F C Physiologic Mechanisms in Relation to the Development of Peptic 
Llcer Minnesota Med 20 755-761 (Dec ) 1937 

* See references on page 41 



LABORATORY DIAGNOSIS 


156 

rectum have been excluded, a location in the rectum or sigmoid, 
indicating a proctoscopic or sigmoidoscopic examination, is suggested 
The type of anemia as determined by the color, volume, and saturation 
indexes will tell whether hemorrhage or infection is playing the greater 
role in its production 

Mucus without pus is suggestive of amebic dysentery This 
diagnosis will be confirmed if active E histolytica are found 

A Widal test, culture of the stool and blood for typhoid bacilli and 
of the stool for dysentery bacilli or for Bargen’s diplococcus, 1 and stains 
and guinea pig inoculation for tubercle bacilli (which may come from 
swallowed sputum) are further diagnostic aids worthy of consideration 

Pus in considerable quantities is more common in bacillary dysentery 
or ulcerative colitis 

The white and differential cell counts and the sedimentation rate 
will be of aid in this group Simple leukopenia occurs in typhoid (no 
eosinophils) and in tuberculosis (eosinophils may be present) of the 
intestine Eosinophilia is often associated with amebic colitis Other 
tjpes show normal counts or neutrophilic leukocytosis of varying 
degree The degree of increase in sedimentation speed will correspond 
approximate^ to the extent of the ulceration m any type 

If sulfanilamide is being administered the level of the drug in the 
blood should be checked 

5 Cholecystitis and Cholelithiasis — Leukocytosis w ith rapid sedi 
mentation rate characterizes the more acute inflammations Stones 
in the common duct usually produce the syndrome of partial obstructive 
jaundice alternating with complete obstructive jaundice, but many 
stones may be present in the common duct without producing any 
icterus at all Examination for gallstones by straining of all feces 
passed for se\ eral days after an attack of biharj colic will occasional^ 
establish the diagnosis in doubtful cases, but failure to find stones does 
not exclude this diagnosis ( holesterol or calcium bilirubinate crj stals 
in Lyons drainage suggest the presence of stones Absence 6f bile m 
the drainage fluid, if the position of the tip of the tube is correct, mdi 
cates complete obstruction during the period of the biliary drainage 

A severe normocytic anemia is not infrequently associated with 
chronic cholecystitis 

In jaundiced patients the prothrombin time should be brought to 
normal by administration of vitamin K and bile salts before operation 

6 Cirrhoses of the Liver — All types are comparatively uncom 
mon, and some are extremely rare Laennec’s (also called atrophic, 

1 The relationship of thi3 organism to ulcerative colitis 1 not yet estab' shed 
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portal, or alcoholic) cirrhosis is by far the commonest form An 
icterus index in the range of latent jaundice, less commonly high, with 
an increase in the urobilinogen in the urine are the only earl} laboratory 
findings Later, ascites with characteristics of a transudate, impaired 
liver function as determined by the dy e or galactose tolerance tests, 
and blood in the stool (hemorrhoids, esophageal vances) or hematemesis 
(esophageal vances) usually develop Normocytic or macrocytic 
anemia and changes in the coagulation or prothrombin time may occur 
Terminal marked increase m the icterus index and transformation of 
the charactenstics of the ascitic fluid to those of an exudate (pentonitis, 
often tuberculous) are not uncommon A sudden increase m the rate 
of accumulation of the ascitic fluid should cause one to consider the 
possibility of a primary carcinoma of the liver supenmposed on the 
preexisting cirrhosis 

Banti’s disease shows similar laboratory findings with the exception 
that normocytic anemia and simple leukopenia occur before changes 
in liver function are detectable, and that hematemesis more often 
dominates the picture 

Portal or splenic thrombosis is indistinguishable from Laennec’s 
cirrhosis by laboratory tests, but impaired liver function is not usually 
present 

Syphilitic cirrhosis of the liver gives a similar laboratory picture 
to Laennec’s cirrhosis, but with a slightly greater tendency to clinical 
jaundice with an icterus index above 15 Syphilis is unlikely to be 
the cause of a cirrhosis if the serologic tests for svphihs are negative 
Positive tests suggest but do not pro\e a syphilitic etiology Hepatitis 
from the organic arsenicals used in the treatment of syphilis is common 

Hypertrophic obstructive biliary cirrhosis shows the laboratory 
syndrome of partial or complete obstructive jaundice and also dye 
retention and increased galactose excretion indicating impaired liver 
function Ascites may or may not be present 

Hanot’s cirrhosis is extremely rare and is often confused with the 
preceding type The laboratory picture is that of moderate to severe 
partial obstructive jaundice without ascites or blood in the stool 

Cardiac cirrhosis, or Pick’s pericarditic cirrhosis gives rise to the 
laboratory findings described for Laennec’s cirrhosis, but ascites occurs 
earlier and the ascitic fluid more nearly approaches an exudate in 
character 

A large number of cirrhotic changes occur in the liver which do not 
fit either clinically or pathologically into the usual classification of liver 
disease 
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The clinical findings are necessary to complete the picture of any 
type of cirrhosis The unne volume charted against the fluid intake 
will aid m controlling therapy designed to reduce ascites 

7 Hepatitis 1 and Diffuse Liver Damage from Toxms or 
Poisons —These cases also show varying degrees of the partial 
obstructive jaundice syndrome, including dye retention The cases 
with the severest liver damage will show in addition a positive galactose 
tolerance test, increased amino acids in the unne with a positive Mil 
Ion’s test, and rarely leucm and tyrosm crystals, disturbances in the 
coagulation time of the blood, increase in the relative proportion of the 
total nitrogen of the unne in the form of ammonia nitrogen, and possibl) 
hypoglycemia 

"Catarrhal jaundice” or acute hepatitis is the commonest condition 
in this group Weil’s disease, and yellow fever are rare febnle diseases 
with a similar picture In an> of this group the complete obstructive 
jaundice syndrome may develop 

Eclampsia and pernicious vomiting of pregnancy are discussed in 
Chapter XI Changes in liver function may) occur but are of little 
aid Icterus is usually absent 

S> philitic and postarsphenamme (other organic arsemcals may also 
produce it) hepatitis are common Dye retention is more marked in 
proportion to the icterus than in other types of jaundice 

Less common causes of a similar syndrome are cinchophen, chloro 
form, phosphorus, carbon tetrachloride and phenylhydrazine poisoning 
Acute yellow atrophj or icterus gravis This is probably simpl\ 
a hyperacute destructive hepatitis which may result from any of the 
conditions here listed It is very rare but relativel> more common in 
pregnant women than in other individuals The most extreme impair 
ment of liver function occurs in this condition 

The differential diagnosis of these different types of hepatitis is 
largely clinical 

B Syndromes — 1 Complete Obstructive Jaundice — This is 
characterized by clinical jaundice, clay colored stools in which the tests 
for urobilinogen and bile pigment are negative, dark unne containing 
bilirubin but no urobibnogen, and absence of bilirubin from fluid 
aspirated from the duodenum The icterus index is usually over 5 ° 
and may be as high as 200 The roost valuable evidence of complete 
obstruction is the negative urobibnogen in the unne with positive tests 
for bilirubin This syndrome is present whenever bile is prevented 

l \\ eir J I Hepatitis Some Forms Not Commonly Recognized JAM \ 111 
1316-1336 (Oct 8) lg 3 8 
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from entering the intestinal tract no matter what the cause of the 
obstruction The obstruction ma> be due to carcinoma of the head 
of the pancreas, the biliary tract or the adjacent lymph nodes, to stone, 
to scar tissue contraction, to enlargement of the nodes due to lympha- 
denitis, metastases, Hodgkin’s disease, lymphosarcoma or leukemia, or 
to a sufficient degree of hepatitis or liver edema to obstruct the flow of 
bile within the liver It may also occur from tumors of the liver so 
placed as to obstruct both hepatic bile ducts In all cases, dve excre- 
tion is impaired but, if no diffuse liver damage is associated, the galac 
tose tolerance test is normal 

2 Partial Obstructive Jaundice — This syndrome is characterized 
by an icterus index of 6 to 150 and often the presence of bilirubin in the 
urine It differs from complete obstruction in the presence of uro 
bilmogen in the urine and feces, and of bilirubin in the duodenal fluid 
Dye excretion vanes with the icterus index and there is no indication 
for this determination The galactose tolerance test is normal if liver 
damage is not associated It differs from hematogenous jaundice m 
that bilirubin may appear in the urine and a direct van den Bergh test 
may be obtained on the blood serum 

3 Hepatocellular Jaundice —This is charactenzed by the 
syndrome of partial or, less commonly, complete obstructive jaundice 
plus the presence of impaired liver function as determined by the galac 
tose tolerance test It occurs in diffuse liver disease such as cirrhoses, 
catarrhal jaundice, Weil’s disease, and phosphorus or chloroform 
poisoning It is the object of most of the special tests of liver function 
cited in the references on page 144 to aid in segregating this group from 
uncomplicated partial or complete obstructive jaundice No test has 
to date proved successful m making this separation Until such a test 
is devised it seems wiser to treat all patients with partial or complete 
obstructive jaundice as if liver damage were present, namely, with low 
protein, high carbohydrate diet and administration of bile salts and 
vitamin K. as necessary to maintain normal prothrombin time and as a 
routine prior to operation 

4 Hematogenous Jaundice — This is characterized by an 
icterus index above 6, a negative direct van den Bergh test, the presence 
of urobilinogen m the urine with a negative test for bilirubin in the unne 
Bilirubin is present in the duodenal fluid and the feces are usually 
darker in color than normal and, if quantitative tests are done, will 
show an increased excretion of urobilinogen It is differentiated from 
complete obstructive jaundice by the dark stools and positive tests for 
yrobihnogen in the urine and the absence of bilirubin m the unne The 
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dark stools, negative direct van den Bergh test, and absence of bilirubin 
differentiate it from partial obstructive jaundice The normal galac 
tose tolerance differentiates it from hepatocellular jaundice It occurs 
whenever hemoglobin is destroyed at an excessive rate in the body, 
therefore, in all forms of internal hemorrhage, intravascular or extra- 
vascular hemolysis, hemolytic icterus and malaria, in other words, in 
all the internal blood destruction groups of anemias and in many 
instances where internal hemorrhage has not been sufficient to produce 
anemia Both hematogenous jaundice and partial or complete 
obstructive jaundice may be present at the same time, in which case, 
the laboratory findings will be typical of obstructive rather than hema 
togenous jaundice This occurs most frequently in hemolytic icterus 
which predisposes to formation of bile pigment stones These may 
partially or completely occlude the common duct 

5 Conditions Discussed in Other Chapters — The blood chem 
istry changes which may result from vomiting, gastnc or duodenal 
fistulae, diarrhea, deficient absorption of carbohydrate, or starvation 
should be reviewed at this point (See Index by Diseases ) 
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CHAPTER VI 


DISORDERS OF THE ERYTHROPOIETIC SYSTEM 
WITH ESPECIAL REFERENCE TO ANEMIAS 
AND POLYCYTHEMIAS 

1 NOMENCLATURE 

Much of the difficulty the beginner experiences in hematology is due to the 
multiplicity of names which have been used for cells of the blood and blood- 
forming organs, and to the fact that many of these names have not been clearly 
defined Some of these names have been used by different investigators for 
different cells while many different names have been applied to the same cell 
In an effort to clarify this nomenclature, Table 6 1 was prepared In this table 
the preferred name for each senes and cell type is indicated and other names 
which have been apphed to the same cell are given In the Atlas, in which this 
table was first published, each cell type is defined and illustrated and its differen- 
tiation from other cells which may resemble it is given All of the names have 
been used by others except some of those indicated as preferred for the granu- 
locyte senes and the erythrocyte senes These new names were not suggested 
because of the paucity of names hut because the names in current use for the 
same cells have been used with different meanings by different authors Con- 
sequently, if only the old names were used, it would have been necessary to 
define the meaning of the term each time it was used m order to avoid confusion 
Smce the sole purpose of a name is to make the meaning clear without repeated 
definition there seemed no choice other than coming new terms 

In this edition the commonly used term is given in parentheses after the 
preferred term and usage will decide which term is to be used in subsequent 
editions It should be understood that many of the terms in the column marked 
“Other Names Used" are not exact synonyms but have included the cell as 
described m the Atlas and defined in this text and other cells which may not even 
belong to the same senes or stage ol differentiation 

New names were chosen for cells of the granulocyte (myeloid) series for 
several reasons The term "myeloid" means marrow-like while these cells 
are an integral part of the marrow as are the cells of all the other senes The 
most important reason is that the term "myeloblast" has been used for all stem 
cells as well as for the specific stem cell of the granulocyte senes The term 
“granulocyte senes" is already m current use to replace the old term“myeIoid " 
It seems only consistent to substitute the prefix granulo- for myelo- throughout 

1 Osgood E E Uistozcnesw Classification and Identification of Cells of the Blood 
and Marrow Based on Cultures and Hematologic Studies of Human Marrow and Blood 
tm J Clin Path S S9-74 (Jao ) iqiS 

O«£ood L E and Ashworth Glance M Atlas of Hematology Pp 6-8 T \\ 
Stacey Inc San Francisco 1937 
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the senes and for the characteristic type of leukemia The term “polymor 
phonuclear,” while widely used, has been used for many years for all stages 
of the neutrophils, eosinophils and basophils seen In blood and is still so used 
by many authors The importance of differentiating clearly the cells with seg- 
mented nuclei from the more immature cells has been repeatedly emphasized 
The term “lobocyte" is shorter, easier to learn, and limited by definition and 
derivation to such segmented or lobed cells In all other senes the names of 
the cells end with the termination “cyte” or for the most immature cells “blast,” 
but the cell which I have named “rhabdocyte” has been called “staff cell,” 
“rod ceU,”“band cell,” and“juvemle cell ” None of these terms are accurately 
descnptive or conform to the terminology of the other cells The prefix “ rhabdo,” 
already used m “rhabdomyoma,” means curved rod, stick or wand It is more 
accurately descriptive of the shape of the nucleus than “staff” which suggests a 
straight rod 

The nomenclature of the erythrocyte series differs from the nomenclature 
of all other series m that the ending “blast” is retained for all cells of the series 


Table 6 — Nomenclature or the Cells of tjie Blood and Bone Marrow* 
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Table 6 — Nomenclature or the Cells or the Blood and Bone Marrow * — (Continued) 


Name rf 

Recommended name 

Names which have been applied to the same cell 

Plasmacyte 

Plasmablast 

Myeloblast' hemocytoblast* lymphoidocyte * lymphocyte** 
item cell lymphoblastic plasma cell' 

Proplasmacyte 

Turk cell • Turk irritation form lymphoblastic or myeloblastic 
plasma ell 

Plasmacy te 

Plasma cell* Unnas plasma cell Marschalko plasma cell plas 
macytoid lymphocyte' * 

Frythrocyte i 

Karyoblast 

Megaloblast myeloblast ' hemocytoblast * lympho docyte * 

lymphocyte stem cell promegaloblast ' basophilic normo 
blast ' primitive crythroblast* 

Prokaryocy te 

Erythrobtast megaloblast orthochromat c normoblast ' baso- 
philic normoblast p lychromatophilic normoblast » macro 
normoblast '* macrobbst ' 

Karyocyte 

Normoblast • pronormoblast 1 macronormoblast 11 erythroblast 
polychromatophit c normoblast 

Metakaryocyte 

Normoblast* 

Reticulocyte 


Akaryocyte 

Erythrocyte red blood cell erythroplastid normocyte'* 

Thrombocyte 

Megalokaryobtast 

Megakaryoblast 

Promtgalokaryocyte 

Promeg karyocyte 

Megalokaryocyte 

Megakaryocyte 

Platelet 

Thrombocyte throraboplastid 


Disintegrated cell 

Senile cells smudge bask t cell smear cell degenerated cell 


* Reproduced by permission of the copyright owners from Osgood E E and Ashworth Clarice 
M Atlas of Hematology Pp 25 S J ^ Stacey Inc San Francisco 1537 

t Any basophil from the progranuloeyte to the lobocyte is aomet mes referred to as a mail ttU 

* H Downey and K Kath 

* A Ferrata 

•A Pappenheim 
A A Maximow and W Bloom 

* An error in classification 
•EE Osgood 

* P W Clough 

* An obsolete term 

* R Cunningham P Sabin and C Doan 

I Common term for monocytes when found in tissues 

II D L, Parley II St Clair and J A Re singer 
1 W P Cook* an 1 E Ponder 

'* An error due to interpretation of aruroph 1 granules as basoph 1 granules 
" V Schilling 
" A Pi ey 
"R P I! Cradwohl 

not limited to the most immature one Furthermore, the term “nor 
mobUst" is derived from a Latin and Greek root and means' 1 normal stem cell ” 
The cell referred to in neither a normal constituent of the blood nor is it a stem 
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B Functions oj the Red Bone Marrow ‘—This constitutes the chief hema- 
topoietic organ throughout postnatal life Here the red cells, the cells of the 
granulocyte (myeloid) senes and the platelets are formed In normal adult red 
marrow the white cells and their precursors are about three times as numerous as 
theVed cells and their precursors, while the megalokaryocytes which are enormous 
cells with greatly lobulated nuclei and large amount of cytoplasm containing azur 
granules, form only about o 2 per cent of the cells present It is probable that 
the red cell formation is intravascular (within the sinusoids) and that of the white 
cells is extravascular Wnght’s theory of the formation of platelets by the 
pinching off of portions of the cytoplasm of the megalokarocytes which have been 
extended in pseudopod form into the vascular channels is almost certainly correct 
r Red Cell Formation — In the red cell forming areas, all stages from the 
earliest karyoblast (raegaioblast) to the mature erythrocyte may be found 
The earlier cells (see plate I, section IX, and the Atlas for more detailed mor- 
phology) have a deeply basophilic cytoplasm containing no hemoglobin and a 
relatively large nucleus with a reticular chromatin structure and nucleoli The 
changes that occur as maturity progresses are loss of the nucleoli, progressive 
decrease in basophilia of the cytoplasm, progressive increase in the hemoglobin 
content, progressive decrease in size and a coarsening of the chromatin structure 
of the nucleus with first aggregation of this into clumps, later assembling of these 
clumps into a dense pyknotic nucleus in which no structure is visible, and then 
resorption or extrusion of the nucleus, whole or after fragmentation Even 
after the hemoglobin content is normal and the nucleus is gone, basophilic 
material persists for a time appearing either as polychromatophilia or, with 
special stains, as the reticulum Various names karyoblast (raegaioblast), 
prokaryocyte (erythroblast), karyocyte (pronormoblast), metakaryocyte (nor- 
moblast) reticulocyte, and akaryocyte (non-nucleated erythrocyte) have been 
given to different stages in this development It must be remembered m using 
these names that they represent merely stages, marked off by more or less 
arbitrary cntena, in a continuous development and, as many of the changes are 
independently variable, two cells in the same stage of maturity sometimes 
have widely different appearances In the normal marrow of adults, karyoblasts 
(megaloblasts) are scarce, and the more mature cells (prokaryocytes, karyoeytes, 
metakaryocytes, reticulocytes) are far the more numerous Only mature 
akaryocytes (erythrocytes) and a few reticulocytes are allowed to escape into 
the general circulation In infancy, more of the immature cells are present in 
the marrow and reticulocytes are more numerous in the blood In early 
embryonic life the karyoblast (megaloblast) is the preponderant cell m erythro- 
poietic zones, and nucleated red cells are numerous in the blood stream In 
both marrow and blood, a shift occurs toward more mature forms until at term, 
nucleated erythrocytes have almost disappeared from the blood 

Increased erythropoiesis is associated with a reversion of the bone marrow 
and blood picture to a stage resembling that of a less mature individual The 
amount of reversion is roughly proportional to the intensity of the erythropoietic 
stun llus Thus, in early childhood a much less intense stimulus than is required 
in later life is adequate to give nse to numerous nucleated erythrocytes in the 
blood stream 

•Sabin Florence R The Bone Marrow Physiol Kev 8 151-114 (April) 1928 




Relationships of the White Cells 

The cells below the dotted line are those present in normal blood The greater the 
vertical distance of a cell above the dotted line the greater is its immaturity and the greater 
is the stimulus required to introduce it into the general circulation 

Arrows indicate the lines of maturation The line of descent on the right hand side 
is that of the lymphocytes Some hematologists would interchange the positions of the 
two normal lymphocytes The middle three lines of descent are those of the granulocyles 
The eosinophil and basophil progranulocytes S (promyelocytes I) granulocytes (myelocy 
tes), and metagranulocytes (metamyelocytes) have not been depicted as they differ from 
the corresponding neutrophil forms only in the nature of the granulation and this is identi 
cal with that m the mature eosinophil and basophil forms respectively The use of a 
single reproduction to represent the morphologically similar stem cells does not necessarily 
imply that these cells are actually identical 

This chart should be studied in conjunction with the colored plates of the same cells 
It is of particular value for studying the relative sizes of cells and granules as the mag 
mFication is close to that usually used in studying such cells 



Stcm« 1 

dvckMait or tympS* ail 



Cnusr I 


Relationships of the White Cells 

The cells below the dotted line are those present in normal blood The greater the 
vertical distance of a cell above the dotted line the greater is its immaturity, and the greater 
is the stimulus required to introduce it into the general circulation 

Arrows indicate the lines of maturation The line of descent on the right hand side 
is that of the lymphocytes Some hematologists would interchange the positions of the 
two normal lymphocytes The middle three lines of descent are those of the granulocytes 
The eosinophil and basophil progranulocytes S (promyelocytes I) granulocytes (myelocy 
tes) and metagranulocytes (metamyelocytes) have not been depicted as they differ from 
the corresponding neutrophil forms only m the nature of the granulation and this is ldenti 
cal with that in the mature eosinophil and basophil forms respectively The use of a 
single reproduction to represent the morphologically similar stem cells does not necessarily 
imply that these cells are actually identical 

This chart should be studied in conjunction with the colored plates of the same cells 
It is of particular value for studying the relative sizes of cells and granules as the mag 
nification is close to that usually used in studying such cells 



t tern cell 

(Myeloblast or L ytnphAlaaO 



Plasma cell / ^ 




Fathologiaat targ 
lymphocyte 



l*. IXV5U. 

i 

Immature normal 
lymphocyte 

_^3b 

w 

»i r«x»s»« 

\ 

Ifo r «4 lymj-V y\e 


m 




Chart 1 



Red Cells (Erythrocytes) 

All arc shown as stained with Wright's modification of the Romanowsky stain by the 
tcchmc described in Part Two The size corresponds to a magnification of 2500 diameters 
Hence they may be compared directly with the plates on malaria parasites and white cells 

1 Akaryocyte (normal red cell) Note the round or oval contour and the orange buff 
color, paler in the center due to the biconcave disc shape The normal size variation is 
6 6 to 8 6 micra but the average size in stained smears is rarely less than 7 o or more than 
8 o micra and the average is probably about 7 6 micra 

2 Erythrocyte showing achromia Note the pallor and the increased relative extent 
of the central pale area The cell depicted shows the least detectable distinct achromia 
More definite degrees of achromia show as pale rings with colorless centers This is sup 
posed to be due to a decrease in hemoglobin (hence should be called hypochromia as hemo 
globin is never completely absent) but the appearance may be simulated by decreased cell 
diameter Therefore tne saturation index determination is much more reliable for 
determination of the relative amount of hemoglobin present 

3 Try throcyte showing punctate basophilia (basophilic stippling) and slight poly 
chromatophiha Note the blue staining dots called basophilic stippling and the fact that 
the background can not be described as any shade of orange buff This cell is at the upper 
range of normal cell size and cell 5 is at the lower range of normal cell size Cells larger 
than this are called macrocytes and smaller than cell 5 are called microcytes 

4 Metakaryocyte (normoblast) Note the dense structureless nucleus (pycnotic) and 
the moderate polychromatophiha of the cytoplasm Any cell containing a nucleus which 
is less than one half the diameter of the cell may be called a metakaryocyte (normoblast) 
The differentiation from other cells of the erythrocyte series must be made by the pycnotic 
nuclear structure and a nuclear diameter less than half that of the cell rather than by size 
or hemoglobin content of the cell Polychromatophilia is not necessarily associated 
The differentiation from leukocytes in those cells of the erythrocyte series which are 
nucleated and contain no hemoglobin is by the opaque appearance of the cytoplasm 

5 Erythrocyte showing marked polychromatophiha This cell is at the lower range 
of normal size Note that polychromatophiha consists of the combined effects of a decrease 
in the orange buff staining hemoglobin and an increase in the basophilia (affinity for 
the blue dye in the stain used) of the stroma of the cell All possible combinations of these 
two changes may occur and several of these are illustrated in the cells depicted 

Polychromatophiha may affect red cells showing many other abnormalities, therefore, 
when present it must be added to other descriptive terms 

6 Reticulocyte This cell is from a film first stained with the reticulocyte stain and 
then w ith Wright s stain as directed in Part Two Cells showing a blue staining interlacing 
network with this stain are called reticulocytes The amount of this network may vary 
from the smallest fraction of that here shown to a network that fills the entire cell This 
may occur in many different types of cell Like the cell depicted reticulocytes are often 
large 

7 Karyocyte (pronormoblast) The nucleus is more than one half and less than two 
thirds the diameter of the cell which differentiates it from the metakaryocyte (normoblast) 
and from the prokaryocyte (ery throblast) The sharp contrast between the dark staining 
basichromatin and light staining oxychromatm may occur also in cells of the plasmacyte 
senes but the individual clumps in cells of the erythrocyte senes are- smaller and nj° ri e 
numerous Note the extreme basophilia of the cytoplasm which is almost devoid of 
hemoglobin but still has an opaque appearance which differentiates it from the transparent 
cytoplasm of all the white cells except those of the plasmacyte series Many karyocytes 
(pronormoblasts) contain hemoglobin in the cytoplasm 

8 Prokaryocyte {erythroblast) These are differentiated from kary ocytes (pronormo 

blasts) by the diameter of the nucleus which is more than tw o thirds of the diameter of tne 
cell and from the karyoblast (megalobtast) by the absence of nucleoli The cytoplasm 
may be basophilic polychromatophihc or normochromic but is usually polycbromato 
philic In macrocytic anemias hemoglobin is more abundant than in rclls of equal imma 
tunty in other diseases . „ 

The karyoblast( megaloblast) is not illustrated The cytoplasm resembles that 01 ceus 
7 and 8 but the nucleus always contains nucleoli and has a structure similar to cell 8 or 
the stem cell depicted in plate V The more immature the karyoblast (megaloblast) in 
more closely does the nuclear and cvtoplasmic structure resunble that of other stem cells 
but only rarely is difficulty in differentiation from more mature white cells .encountered 
attention is paid to the details qf nuclear structure and the greater opacity of the : cytoplavn 
of the red cell Large size and polychromatophiha of the cytoplasm are usually but n 
always present 

In order of increasing maturity (and hence 
blood) the cells on this page would be arranged 
theses are at about the same stage of maturity 


f increasing frequency in the peripheral 
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Lobocytes and Rhabdocytes (Polymorphonuclear Cells) of Normal Blood 

The white cells which may appear in the blood stream are reproduced on this and sue 
ceedingpages All were stained with Wright’s stain by the technic given m Part Two All 
are drawn to scale corresponding to a magnification of 2500 diameters Hence the) 
should be held at a distance of 18 inches from the eye to show the detail which is visible 
with the best microscopes and yet further away to give the appearances of the cells as seen 
through less perfect optical systems The apparent and comparative sizes of the cells 
and granules are best studied in the chart of the relationships of the white cells The cells 
are roughly spherical in form and even though flattened in smears this must be kept in 
mind in studying the films and these illustrations Thus granules m the cytoplasm 
between the eye and the nucleus will appear to be in the nucleus etc 

Lobocytc (segmented polymorphonuclear) neutrophil Note the lobulated structure 
of the nucleus with its densely staining sharply demarcated interlacing chromatin bands, 
the pale lilac tint of the cytoplasm and the deeper lilac tint of the diffusely scattered fine 
uniform neutrophil granules The quality of this color of the neutrophil granules is one 
of the best criteria of a satisfactory stain In understained films these granules may be 
invisible These cells may vary in size from 11 to 15 micra The Ijbulations of the nuclei 
may vary from two to five or over, but forms with three or four lobulations are most 
common 

Rhabdocytc ( Staff ’ cell) This differs from the lobocyte (polymorphonuclear neutro 
phil) only tn the form of the nucleus m having a slightly more basophilic cytoplasm and 
in a tendency to be of slightly larger size (11 to iS micra; The form of the nucleus is the 
important point of identification It is a variously curved or coiled rod or band which may 
be narrowed in places but never to a filament The interlacing chromatin network is 
slightly broader and less sharply demarcated than in the lobocyte (polymorphonuclear) 
A similar type of nucleus is sometimes noted in cells containing eosinophil or basophil 
granules 

Eosinophil Note the uniform large size of the acidophilic granules, which when 
properly stained have a deep red color with a slight orange cast Note also that the 
nuclear structure and the cytoplasmic staining m this cell and in the lobocyte (polymorpho 
nuclear neutrophil) are similar A bilobed nucleus similar to that here shown is the 
commonest form and nuclei w ith over four lobes are uncommon The number of granules 
is not infrequently less than in the example shown The apparent difference in intensity 
of staining of the granules is due largely to variations in their distance from the surface of 
the cell nearest the eye The range of cell size variation is about 11 to 16 micra 

Basophil Note the marked variation in size of the relatively few granules which 
stain a deep blue with a slight purplish cast (metachromatic) of varying intensity and 
character The cytoplasm tends to be more acidophilic (pink) than that of the eosinophil 
or neutrophil and the nucleus rarely shows true lobulation but is irregularly shaped and 
palely and indistinctly stained thus giving the impression of being seen through a haze 
As the granules are water soluble some or all mav appear as vacuoles in poorly fixed smears 
The largest granules ate larger than eosinophil granules The cell size range is from rr to 
15 micra 
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Mononuclear Cells of Normal Blood 


Normal lymphocyte (small lymphocyte small mononuclear SI , S M , or L ) Note 
the round or oval nucleus with coarse indistinctly margined clumps of deeper staining 
chromatin and the basophilic cytoplasm containing a few azur granules of irregular size 
and distribution These cells may vary m size from 7 to 13 micra, but the smaller sizes 
are most numerous The nucleus sometimes contains nucleoli and may show deep slit like 
indentations Rarely, double nuclei may be observed The cytoplasm varies greatly 
in amount from the merest detectable rim to an area equal to that of the nucleus but is 
usually relatively small in amount It, also, vanes in its degree of basophilia from a very 
deep to a very pale shade of pure blue The paler stain is more common when the amount 
of cytoplasm is relatively large and vice versa Azur granules arc more commonly absent 
than present If present, they stain (as always) a color similar to that of the nucieusof 
the cell containing them They are irregular in sue relatively few in number and tend 
to aggregate in clumps They are never diffusely scattered and numerous enough to 
obscure the color of the cytoplasm 

Immature normal lymphocyte This cell is really a subdivision of the above described 
group and should not be separated from other normal lymphocytes in differential counting 
It is depicted here because it is frequently mistaken loi a monocyte and because confusion 
w ith the prolymphocyte has resulted from its separation (under the term large lymphocyte) 
from other normal lymphocytes In size it does not exceed the largest lobocytes (poly 
morphonucletrs) (12 to 15 micra) while the monocyte and prolymphocyte (pathological 
large lymphocyte) are definitely larger Note the relatively large amount of pale blue 
cytoplasm, the presence of nucleoli in the nucleus and the fact that in all essential details 
of structure it is merely a variant of the previously described cell The azur granules are 
not always present and arc never fine and diffusely scattered as m the monocyte AU 
intermediate stages may be found between the two forms depicted and no diagnostic infor 
mation is secured by separating them Some authors bcliev e this form is older rather than 
younger than the smaller form but the more constant presence of nucleoli in the large 
forms speaks against this view 

Monocvtes (Mon ) These were formerly divided into large mononuclears and transi 
tional forms but it has been conclusively shown by the vital staining method that these 
are all one type of cell In stained smears, the only apparent difference u ui the nuclear 


are all one type of cell In stained smears, the only apparent difference u in the nuclear 
form which is round or oval in the * large mononuclear and irregular or horseshoe shaped 
in the transitional As will be pointed out, these apparent differences in the stained 
smear are largely if not entirely artefacts Note for each cell depicted the large size the 
character of the nuclear structure the relativelv large amount of cytoplasm and the very 
fine diffusely scattered azur granules which it contains The nuclear chromatin occurs 
both in clumps and in looselv meshed interlacing strands w hich give the nucleus a char 
aCteristic structure best shown in the ‘ transitional form here depicted The cytoplasm 
is a dear blue but the azur granules are so fine that they can be seen distinctly only an good 
stains and with a good microscope If indistinctly seen, they give the impression that tne 
cytoplasm is of a uniform slightly violet blue with an opacity resembling that of grouna 
glass This same effect can be secured by holding these illustrations far enough (anou 
5 feet) from the eve so that the individual granules can no longer be distinguished 1 
carefully studied with the best stains and microscopes, it will be found that the so cau 
large mononuclear forms do not have round or oval nuclei but have horseshoe or irreg 
larly shaped nuclei which are viewed from such an angle as to appear round Care , 
inspection of the large mononuclear here depicted will show that its appearance wo 
be very dosely simulated if the transitional form here shown could be viewed as a tn 
dimensional object from a point corresponding to the nght hand margin of the page sag y 
below the level of the cell on the page The trick of detecting this irregularity °* 
round nucleus is to survey carefully its margin for a slight acute indentation * , 

this point a line of demarcation corresponding to the border of an overlapping P° rt10 . 
the nucleus will usually* be discernible In other words the ‘ large mononuclear 
transitional forms are morphologically identical in fixed as well as in vitally s 
preparations and these terms should be discarded and the cells always grouped tog 
under the term monocytes 

•Since the frequency with which apparently round cells actually show j°bujated 
or irregularly shaped nuclei was called to my attention by Prof A Decaatelio 
University of Vienna I have been unable to find a normal monocyte which couia n 
seen by careful examination to have an irregular or horseshoe shaped nucleus 
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I LATL III 


Immature Cells of the Granulocyte (Myeloid) Series 

Progranulocytes (promyelocytes) These are cells intermediate in structure between 
the granuloblast (myeloblast) and the granulocj te (myelocyte) Hence, they may have 
varied appearances Note in the progranulocytc S (type I promyelocyte) depicted the 
persistence of a fine reticulum and nucleoli in the nucleus suggestive of the granuloblast 
(myeloblast) while the cytoplasm is less basophilic than in the granuloblast (myeloblast), 
and neutrophil granules have begun to develop similar to those of the granulocyte (myelo 
cyte) stage I osmophil or basophil progranulocytes (promyelocytes) of this type can of 
course also occur In the progranulocyte A (type II promyelocyte), the nucleus has a 
coarser chromatin structure without nucleoli like that ol the granulocyte (myelocyte) 
but the cytoplasm is still basophilic and contains only coarse azur granules The azur 
granules may be absent but are more often present than in the granuloblast (myeloblast) 
fhese cells may vary in size from n to 20 mtcra but the larger sizes are more common 
Any cell which has either too mature a nucleus cytoplasm or granules for a granuloblast 
(myeloblast) a nd not sufficiently mature a nucleus cytoplasm or granules to answer the 
description of a granulocyte (myelocyte) is most conveniently classed as a progranulocyte 
(promyelocyte) 

Granulocytes (myelocytes) These are of three types according to the nature of the 
specific granulation (neutrophil eosinophil or basophil) Note in the neutrophil granulo 
cyte (myelocyte) depicted that the nucleus no longer contains nucleoli its chromatin 
structure is relatively coarser than that of the granuloblast (myeloblast) the cytoplasm 
is neutrophilic or only slightly basophilic and typical neutrophil granules are present The 
slightly pinker color of these as compared to those in the lobocyte (polymorphonuclear) 
shown is due to difference in time of staining and in light intensity not to differences in the 
granules These two cells illustrate the maximum variation in appearance of neutrophil 
granules in satisfactory stains If they appear pinker or paler, the staining time has been 
too short, if bluer or deeper the staining time has been too long Any cell which has a 
round or oval nucleus without nucleoli and cytoplasm containing specific granulation is 
to be classed as a granulocyte (myelocyte) This group is further subdivided according 
to whether the granules are neutrophil eosinophil or basophil Since the eosinophil and 
basophil granulocytes (myelocytes) differ from the neutrophil only m the character of the 
granules and since these granules have the same characteristics as those show n and described 
for the Jobocytes (polymorphonuclear ) these cells have not been depicted Size variations 
from 11 to 20 micra occur but intermediate sizes are most common 

Metagranulocytes (metamyelocytes) These cells are also of three types according 
to the specific granulation present As with the granulocytes (myelocytes) only the neu 
trophil form is shown These are intermediate between the granulocytes (myelocytes) 
and rhabdocytes ( staff cells) in nuclear structure and form but show cytoplasm and 
granulations indistinguishable from these cells Any cell with specific granulations in the 
cytoplasm which has a nucleus which is not segmented and can not be described as either 
round or oval nor as a curved or coiled band should be classed as a metagranulocyte 
(metamyelocyte) The intermediate sizes are more common but these also may vary m 
size from 11 to 20 micra 
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Blast Cells, Prolymphocyte and Proplasmacyte 


Blast cell, granuloblast (myeloblast) or lymphoblast Note the deeply basophilic 
cytoplasm, the relatively large round or oval nucleus which always contains nucleon and 
has a finely reticular, almost homogeneous, chromatin structure The nuclear structure 
is the important point in identification The size range is very great (from 8 to o micra) 
but the larger sizes are more common Unless attention is paid to the internal structure 
of the nucleus, the smaller forms are apt to be confused with lymphocytes Azur granules 


similar to those in the progranulocytes (promyelocytes) arc sometimes present in the 
cytoplasm of the more mature forms If tnc majority of ot' ’* ’ '* 


. . c majority of other cells m the film are of the 

granulocyte (myeloid) series these cells may safely be called granuloblasts (myeloblasts) 
if the majority o( the other cells arc of the lymphocyte series these cells may safely be 
called lymphoblasts Some believe that the lymphoblast differs from the granuloblast 
(myeloblast) in having a slightly coarser internal nuclear structure and a more dense 
accumulation of chromatin at the margin of the nucleus giving it a sharper outline These 
differences are so slight if they occur as to be unreliable criteria They probably apply 
to cells which have begun to take on the character of the prolymphocyte rather than to the 
most immature cells which appear in acute lymphocytic leukemia Neither type of cell 
takes the perovidase stain hence the differentiation of the type of leukemia must be 
based on the rest of the blood picture and on the clinical picture In some cases they will 
have to be noncommittally reported as blast cells Monoblasts and the earliest karyo 
blasts (megaloblasts) approach this cell in appearance This illustration fads to show the 
clear transparent appearance of the cytoplasm of the granuloblast (myeloblast) which is 
of value in differentiating it from the karyoblast (megaloblast) 

Rieder cell Note that this differs from the previously described cell only in the con 
figuration of the nucleus This is a coiled or curved rod or band rarely even segmented 
but still show mg the internal structure of the granuloblast (myeloblast) The cell depicted 
is smaller and the nucleus less coded than is usually the case but all variations described 
for the blast cell occur 

Prolymphocyte This cell « as draw n before accurate criteria for differentiation of the 
prolymphocytes and lymphocytes were laid down It is actually a lymphocyte as the 
diameter does not exceed 15 micra but with this exception the morphology is identical 
w ith the prolymphocyte These cells were formerly called pathological large lymphocytes 
Note the large size relatively small amount of cytoplasm and the nuclear structure inter 
mediate between that of the lymphoblast and the normal lymphocyte The cell depicted 
is from the blood of a case of infectious mononucleosis In this cell the nuclear structure 
is closer to that of the normal lymphocyte than to that of the lymphoblast Nucleoli are 
not infrequently present but the coarser nuclear chromatin differentiates this cell from the 
stem cell and Us larger size (15 to 20 micra definitely larger than the lobocyte (po>y 
morphonuclear)) and more deeply basophilic cytoplasm differentiates it from even cue 
largest normal lymphocytes A few coarse nzur granules may be present but they at 
more often absent and nev er fine and diffusely scattered as in the monocyte Thenegain 
peroxidase stain will differentiate it from the progranulocyte A (type II promyelocyte; wn 
it otherwise resembles , 

Proplasmacyte This is often called Turk s irritation form Note the extreme D so 
philia of the cytoplasm the perinuclear paler area in the cytoplasm the eccentric posi 
of the nucleus its homogeneous chromatin structure and the presence of nucleon 
above are the most characteristic features of these cells They often contain vacuoles 
never granules of any type The mature plasmacyte has the same type of cytopla 
a coarse cartwheel arrangement of the chromatin in the nucleus The size variau 
1 z to 20 micra for the Tiirk s form and 8 to 20 micra for other plasma cells 
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Plasraacyte, Promonocyte and Toxic Neutrophils 

Piasmacyte (Marschaiko plasma cell) This like the proplasmacyte, has deeply baso 
plnlic cytoplasm an eccentrically placed nucleus a perinuclear pale area and usually 
contains no granules It differs from the proplasmacyte in having a very coarse chromatin 
structure with sharp demarcations between the dark and pale chromatin It resembles 
some of the nucleated erythrocytes very closely but difTers in that the individual chromatin 
clumps are larger The size vanes from 10 to 20 micra in diameter This cell occurs in 
small numbers in the blood and marrow normally and may be present in increased numbers 
in plasma cell leukemia German measles and multiple myeloma 

Promonocyte This differs from the monocyte in having a finer chromatin meshwork 
and nucleoli in the nucleus It differs from the monol last in having more azurophil 
granules in the cytoplasm and in having an irregularly shaped nucleus like the mature 
monocyte This cell rarely is found in the blood except in monocytic leukemia 

Toxic neutrophils These two cells illustrate the changes in neutrophil morphology 
which indicate a grave prognosis Comparison of these cells with the other neutrophils 
illustrated will show that the cytoplasm between the granules is more basophilic (bluer 
staining) that the granules are fewer larger and bluer staining and that in the cytoplasm 
of the rhabdoevte (staff cell) there arc vacuoles All degrees of variation in these changes 
may occur between that shown in these cells and the normal morphology Note that the 
metagranulocyte (metamyelocyte) somewhat resembles the monocyte but it is readily 
differentiated because the other cells on the slide will be rhabdocytes (staff cells) and 
lobocytes (segmented neutrophils) An increase in monocytes is rarely or never associated 
with neutrophilic leukocytosis When changes of the degrees illustrated are present in 
most of the neutrophils in a slide it is almost certain that the patient will die within a 
week 
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1 LATZ \ 1 


Reticulocytes and Platelets 

Reticulocytes as stained by the Osgood \\ ilhclm technic V ith this stain the ery 
throcytes containing no reticulum stain pale green as illustrated by cell 8 and the reticu lo 
cytcs show varying quantities of blue staining reticulum as illustrated in order of increasing 
amounts by cells p 4 2 3 6 7, 1 10 sandxi In a correctly stained preparation there 
should be no debris beta ccn the red celts although the platelets and white cells take a blue 
stain If counterstained with Wright s stain the reticulum shows as here illustrated and 
the remainder of the cell stains as docs the aharyocyte (mature erythrocyte) with Wright s 
stain (Plate I) 

Platelets Normal platelets as stained with W right’s stain in the blood or marrow 
may show an* of the variations in appearance depicted except those in the five largest 
cells They often tend to occur in clumps have a pale blue cytoplasm often with indefinite 
borders and contain numerous purple staining granules which frequently are clumped 
toward the center leaving a clear ring of granule free cytoplasm around them The hve 
large platelets are all abnormal forms which may be seen in the blood in such diseases as 
purpura hemorrhagica leukemia pernicious anemia or myelophthisic anemias Megafo 
karyocytes (not illustrated) are enormous cells to to 60 micra in diameter having enor 
mous greatly lobulated nuclei with a coarsely meshed chromatin network They never 
appear whole in the blood but are present in small numbers in normal marrow They are 
so much larger than any other marrow cell that they can hardly be mistaken for anything 
else T ragments of the nuclei with or without attached cytoplasm may appear m the blood 
in the rare megslokaryocytic leukemias 
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of correlation of clinical and laboratory observations It is evident, therefore, 
that hematology is just beginning to emerge from the empiric stage it has been 
in for so long, toward the status of an applied science With the hope that this 
method of presentation will stimulate thinking and research, empiric knowledge 
is indicated as such, fundamental causes are given when known, and some of 
the more probably profitable lines of research are suggested 

It is, also, apparent that hematologic findings are not due to disorders of 
the blood, per se, but are secondary to changes in the blood-forming organs and 
other tissues in the body Therefore, the first step in the interpretation of 
hematologic results is to convert them into a mental picture of what is occurring 
in these organs and tissues, and the next is to consider the possible causes of 
such changes 

III THE ROUTINE HEMATOLOGIC EXAMINATION 

This is sometimes miscalled “a complete blood count ” It consists 
of a hemoglobin estimation, a red, white, and differential cell count, a 
sedimentation rate and a color index calculation 

Experience has shown that all patients should ha\e the benefit 
of this examination, as changes unsuspected from the history and 
ph> sical examination are thus frequently discovered 

Notwithstanding the great frequency with which these tests are per- 
formed, there are few other laboratory procedures in which such gross 
errors in technic, leading to great inaccuracies in results, are so often 
made Therefore, it is highly important that one first make sure that 
results are based on methods equal in accuracy to those given in Part 
Two and that they are secured by a person who has mastered the 
details of the technic and has determined the limits of etror of results 
as there outlined, before proceeding to the interpretation of these 
results The interpretations given presuppose that the results are 
based on satisfactory technic and methods 

A Normal Values 1 — -These differ for the different sex and age 
groups, so the sex and age of the individual must always he considered 
in interpreting results Since blood and plasma volume determinations 
were not done in conjunction with any of the determinations on which 
the figures giv en below arc based, it must be recognized that the range 
of variation includes relative fluctuations due to normal variations in 
total plasma volume too, and that fluctuations in the total blood stream 
content of cells or hemoglobin arc not accurately represented unless it is 
permissible to assume that plasma volume alters m such a way as to 
keep the total blood volume constant 

t 1 Osgood t E Normal Hematologic Standards \rch Int Med 56 849-863 (Nos ) 
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Table 7 and figures 3, 4 and 7 summarise the data of an extensile 
stud} of normal values The mnet) five per cent range should be 
learned for each group as a basis for interpretation 

Tabik 7 — JvoKiMt Hematolocic Standards 
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a Larger sample, there exist errors due to chance which are entirely 
independent of the errors in calibration of apparatus or in technic It 
is important that physicians and students know of these errors m order 
that they may interpret red, white and spinal fluid cell counts correctl) 
Table 8 has been prepared to aid in interpretation by giving the error in 
percentage directly from the number of cells counted 

Table 8— The Unavoidable Error in Counting Methods 


I Per cent within 1 Standard devi 1 Significant differ 
o o cells | Stan ar j w j Ilc j 1 roun t | afion of the I ence in tier cent$ 



In counting methods, it has been shown mathematically that 95 
per cent of results will be included in a range of plus or minus two 
standard deviations or plus or minus three probable errors, from the 
average, and that only 5 per cent of results or 1 in 20 will be excluded 


This range which includes 95 per cent of results is satisfactory to use in 
interpretation of laboratory data The standard deviation 1 (<r) has 

« Tables show ing the frequency t, ith which a result differing by any number of standard 
deviations from the average will oicur in an infinite senes are given in books on statistics 
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been shown to equal the square root of the number of cells counted 
Tor example, if a red cell count of 4 o million is based on a count of 
400 cells in the counting chamber the standard deviation equals the 
square root of 400 or 20 and tw 0 standard deviations equals 40 There 
fore, there is only one chance in 20 that the actual count of that blood is 
less than 3 6 or more than 4 4 million 

To simplify the calculation, Table 8 gives the error in percentage of 
the number of cells counted In the above example, opposite the 
number of cells counted, 400, is ± 10 per cent Ten per cent of 400 is 
40 or two standard deviations Therefore, there is only one chance in 
20 that the actual count differs bj more than plus or minus 10 per cent 
from the count based on 400 cells, or is less than 3 6 or more than 
4 4 million 

To determine the significance of a difference between two results, 
statisticians use the formula Standard deviation of the difference 
~ Vci + o' 2 * , when <ti equals the standard deviation of one result and 
<r 2 equals the standard deviation of the second result In laboratoiy 
work, if two counts differ by more than twice the standard deviation 
of the difference there is only one chance in twenty that the difference 
in these counts is due to chance alone To save the necessity of doing 
the mathematics, column 4 m Table 8 has been prepared which shows 
in percentage the approximate difference that must occur to be sig 
mficant Use of this column ma> be illustrated as follows a red cell 
count of 2 o million per c mm , based on a count of 400 cells, is obtained, 
and one week later the count is 2 2 million, based on a count of 440 cells 
Is the count increasing? In column 4 opposite 400 cells is found 
± 14 o per cent and 14 0 per cent of 2 o million is 280,000 The differ- 
ence betw een the counts is only 200,000 This difference, being less than 
the significant difference of 280,000 might well be due to chance alone 
and not actually to an increase in the count 

From this table it can be seen that the greater the number of cells 
counted the smaller the unavoidable error will be This explains whj 
it is better to draw the blood up to the 1 mark or count more than the 
usual number of squares if counts are low 


IV NUMBER, VOLUME AND HEMOGLOBIN CONTENT 
OF ERYTHROCYTES 

A Normals — 1 Red Cell Count 1 — (a) Males Cher 14 2 59 

healthy men between the ages of 14 and 30 years an average of 5 4 

‘Osgood E E Hemoglobin Color Index, Saturation Index and Volume Index 
Standards (Based on the bindings m 137 Young Men ) Arch lot Med 37 5 7 

Osgood E E and Haskins, H D Relation between Cell Count Cell Volume and 
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million erythrocytes per c mm was found with extremes of 4 4 and 6 4 
million pa c mm Ninety five per cent of the results were rather 
evenl> distributed between 4 6 and 6 2 million These results have 
been confirmed 1 Presumably the figures for older men are the same, 
but this remains to be determined Most texts still give the average 
normal as 5 o million per c mm , a figure based on work done long ago 
by obsolete methods on a very feu individuals and since copied from 
one text to another without proper confirmation 

(b) Females Cher 14 — In 152 healthy women between the ages of 
14 and 30 years, an average of 4 8 million per c mm was found, with 
extremes of 4 o and 5 8 million Ninety-five per cent of the results 
were between 4 2 and 5 4 million per c mm This work has also been 
confirmed These figures are clinically satisfactory for older women 
1 he same criticism applies to the figure of 4 5 million given m most 
texts as to the figure of 5 o million for men Undoubtedl> these errors 
would have been corrected sooner if they had fallen outside of the range 
of normal 

(c) Childhood 2 — In a study of 215 children from 4 to 13 years of 
age the average red cell count was $ o million, with extremes of 4 o to 
6 o million and 95 per cent of the results betu een 4 2 and 5 8 million 
No sex difference w as observ ed Mugrage and Andresen 3 found an 
average red cell count of about 4 4 million in this age period with a 95 
per cent range of 4 o to 5 o million It is probable that the correct 
average for this group lies somewhere between the values of 4 4 
million found bj Mugrage and Andrcsen and 5 o million found in our 
stud> 

(d) Infants — Mugrage and Andresen 3 found a decrease in red cell 
count to about 4 2 million dunng the first 2 months, 3 9 million at 2 to 
4 months, and about 4 3 million from 4 months to 4 > ears, with most of 
the counts m this age period falling between 3 8 and 4 8 million 


Hemoglobin Content o! Venous Blood of Normal Young Women Arch Int Med 39 
643-^55 (M*>) 1917 

‘Wintrobe M Xl Blood of Normal Men and Women Erythroc>te Counts Ilerao 
globm and V olume of Packed Red Cells of 119 Individuals Bull Johns Hopkms Hosp 
S3 118-130 (Sept) 1933 

Andresen Marjory I and Mugrage E R Red Blood Cell Values for Normal Men 
and Women Arch Int Med 58 136-146 (July) *936 

McGeorge M Haematological Variations in Fifty Normal Vdult Males J Path 
A Pact 42 67-73 (Jan ) 1936 

Mugrage t H and Vndrcscn Marjor> I Red Blood Cell Values in Adolescence 
Am J l)i» Children 56 997-1003 (Nov ) 1038 

* Osgood E E and Baker R L Erythrocyte Hemoglobin Cell V olume and Color 
Volume and Saturation Index Standards (or Normal Children of School Are Ami Dis 

Child l 50 343-351 (Aug ) 1935 J 

» Mugrage ER * ntl Andresen Marjory I Values for Red Blood Cells of Aserage 
Infants and Children Am J Dis Child 51 775-791 (Apr) 1936 * 
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been shown to equal the square root of the number of cells counted 
For example, if a red cell count of 4 o million is based on a count of 
400 cells in the counting chamber the standard deviation equals the 
square root of 400 or 20 and two standard deviations equals 40 There 
fore, there is only one chance in 20 that the actual count of that blood is 
less than 3 6 or more than 4 4 million 

To simplify the calculation, Table 8 gives the error in percentage of 
the number of cells counted In the above example, opposite the 
number of cells counted, 400, is ± 10 per cent Ten per cent of 400 is 
40 or two standard deviations Therefore, there is only one chance in 
20 that the actual count differs by more than plus or minus 10 per cent 
from the count based on 400 cells, or is less than 3 6 or more than 
4 4 million 

To determine the significance of a difference between two results, 
statis ticians u se the formula Standard deviation of the difference 
= Vet 2 + when 04 equals the standard deviation of one result and 
<t 2 equals the standard deviation of the second result In laboratory 
work, if two counts differ by more than twice the standard deviation 
of the difference there is only one chance in twenty that the difference 
in these counts is due to chance alone To save the necessity of doing 
the mathematics, column 4 in Table 8 has been prepared which shows 
in percentage the approximate difference that must occur to be sig 
mficant Use of this column may be illustrated as follows a red cell 
count of 2 o million per c mm , based on a count of 400 cells, is obtained, 
and one week later the count is 2 2 million, based on a count of 440 cells 
Is the count increasing? In column 4 opposite 400 cells is found 
±140 per cent and 14 o per cent of 2 o million is 280,000 The differ 
ence between the counts is only 200,000 This difference, bung less than 
the significant difference of 280,000 might well be due to chance alone 
and not actually to an increase in the count 

From this table it can be seen that the greater the number of cells 
counted the smaller the unavoidable error will be This explains why 
it is better to draw the blood up to the 1 mark or count more than the 
usual number of squares if counts are low 

IV NUMBER, VOLUME AND HEMOGLOBIN CONTENT 

OF erythrocytes 


A Normals — 1 Red Cell Count ’—(a) Males Over 14 -“ In 2 $9 
healthy men between the ages of 14 and 30 years an average of SJ 
1 Osgood E E Hemoglobin Color Index Saturation Index and * y o ^L m Io»” 70 6 
Standards (Based on the Findings in 137 Young Men ) Arch Int Med 37 •> 

Osgood E E and Haskins H D Relation between Cell Count Cell Volume an 
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million erythrocytes per c mm was found with extremes of 4 4 and 6 4 
million per c mm Ninety five per cent of the results were rather 
evenly distributed between 4 6 and 6 2 million These results have 
been confirmed 1 Presumably the figures for older men are the same, 
but this remains to be determined Most texts still give the average 
normal as 5 o million per c mm , a figure based on work done long ago 
by obsolete methods on a very few individuals and since copied from 
one text to another without proper confirmation 

(b) Females Over 14 — In 152 healthy women between the ages of 
14 and 30 years, an average of 4 8 million per c mm was found, with 
extremes of 4 o and 5 8 million Ninet} five per cent of the results 
were between 4 2 and 5 4 million per c mm This work has also been 
confirmed These figures are clinically satisfactory for older women 
The same criticism applies to the figure of 4 5 million given m most 
texts as to the figure of 5 o million for men Undoubtedly these errors 
w ould have been corrected sooner if they had fallen outside of the range 
of normal 

(c) Childhood 2 — In a study of 215 children from 4 to 13 years of 
age the average red cell count was 5 o million, with extremes of 4 o to 
6 o million and 95 per cent of the results between 4 2 and 5 8 million 
No sex difference was observed Mugrage and Andresen* found an 
average red cell count of about 4 4 million in this age period, with a 95 
per cent range of 4 o to 5 o million It is probable that the correct 
average for this group lies somewhere between the values of 4 4 
million found by Mugrage and Andresen and 5 o million found m our 
study 

(d) Infants — Mugrage and Andresen 3 found a decrease in red cell 
count to about 4 2 million during the first 2 months, 3 9 million at 2 to 
4 months, and about 4 3 million from 4 months to 4 years, with most of 
the counts in this age period falling between 3 8 and 4 8 million 


Hemoglobin Content of Venous Blood of Normal Young \\ omen Arch Int Med 39 
643-65S (May) 1927 

1 \\ introbe M M Blood of Normal Men and Women Erythrocyte Counts Hemo 
globin and Volume of Packed Red Cells of 229 Individuals Bull Johns Hopkins Hosp 
S3 118-130 (Sept ) 1933 

Andresen Marjory I and Mugrage E R Red Blood Cell Values for Normal Men 
and Women Arch Int Med 58 136-146 (July) 1936 

McGeorge M Haematological Variations in Fifty Normal Adult Males J Path 
& Bact 42 67-73 (Jan ) 1936 

Mugrage E R and Andresen Marjory I Red Blood Cell Values in Adolescence 
Am J Dis Children 56 997-1003 (Nov ) 1938 

’Osgood E E and Baker R L Erythrocyte Hemoglobin Cell Volume and Color 
Volume and Saturation Index Standards for Normal Children of School Age Am T Dis 
Child so 343-3S8 (Aug ) 1935 

’Mugrage E R and Andresen Marjory I Values for Red Blood Cells of Averaee 
Infants and Children Am J Dis Child s x 775-791 (Apr ) 1936 
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(e) Newborn 1 — The average red cell count in newborn of both 
sexes is about 4 6 million during the first 10 day s with 95 per cent of the 
results falling bet* een 3 5 and 5 5 million These figures are based on a 
study of 200 infants, 2 about 10 males and 10 females being studied on 
each da> In all of these, the cord was clamped immediately B I 
Phillips 3 has shown that by \ar>mg the time of clamping the cord one 
can alter the red cell count (taken 20 to 30 hours after birth) by about 
1 million cells Thus, m 37 infants in whom the cord was clamped at 
once the a\erage red cell count was 4 9 million, while in 33 infants m 
whom the cord was not clamped until after the uterus had firmly 
contracted, the a\erage count was 606 million This doubtless 
accounts for the extraordinary variations in the results reported in the 
literature 

2 Hemoglobin 4 and Blood Iron (Fig 3) — All hemoglobin estima 
tions should be reported m grams per 100 cc and the method used should 
be stated Otherwise the great vanation (13 8 to 17 3) in the number 
of grams of hemoglobin taken as 100 per cent in different methods and 
the enormous differences in the accuracy of the methods will make cor- 
rect interpretation of the results impossible Most hemoglobin figures 
in the literature are valueless, either because a grossly inaccurate method 
such as the Dare or Tallqvist, has been used or because the method and 
the figure for the grams of hemoglobin corresponding to 100 per cent on 
the particular instrument are not given There is no logical basis for 
reporting the figures in per cent, because the normal hemoglobin differs 
in the two sexes and in the various age groups All interpretations 
given below presuppose that an accurate method has been used 
Results are reported in grams per 100 cc with percentage figures, 
corresponding to 13 8 grams per 100 cc as 100 per cent, in parentheses 


1 Allumbaugh H R A Study of the Blood of the Mother and New Born Proc Soc 
Exp Biol and Med 26 814-816 (June) 1919 

Dhar J Haematological Studies of Fifty New Bom Indian J Ped 1 249-267 
(July) 1934 

* Chuinard E G Osgood E E and Ellis Dorothy M Erythrocyte Counts Hemo- 
globin Cell Volume and Color Volume and Saturation Index Standards for Healthy 
Newborn Infants To be published 

* Personal communication 

♦Williamson C S Influence of Age and Sex on Hemoglobin Arch In t Med 18 
503-528 (Oct ) 1916 This is the largest senes of hemoglobin esUmations that has ever 
been reported and the results have great relative accuracy but as has been pointed out 
(Drucher P Investigations on the Normal Values for Hemoglobin and Cell Volume in the 
Small Child Acta Paediat 3 1-56 1923) there is reason to believe that all the results 
are uniformly high Unfortunately no red cell counts were reported Other references 
on hemoglobin are the same as those given for red cells for the corresponding age and sex 
groups 

Jenkins C E and Don C S D The Haemoglobin Concentration of Normal 
English Males and Females J of Hygiene 33 36-41 (Jan ) 1933 

1 T { je . re are Qtt tte market at least four entirely diBerent standards for the Sahli type of 
hemoglobinometer alone With these 138 gm 150 gm 156 gm and 173 gm of 
hemoglobin are supposed to correspond to too per cent 
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after them for the convenience of those who have become accustomed to 
thinking in terms of per cent 

A number of articles have appeared on the normal blood iron estima 
tion 1 Investigators disagree as to how accurately blood iron deter- 
minations correspond to hemoglobin determinations 2 Except in 
patients receiving iron therapy or when hemoglobin is being rapidly 
destroyed, the plasma iron is relatively constant at o 4 to o 7 mg per 
too cc being, as a rule, less than 2 per cent of the total blood iron, so 
that for practical purposes, the blood iron estimation is simply another 
way of determining hemoglobin The hemoglobin determination is 
much simpler and, therefore, except in research studies, is all that is 
necessary Since hemoglobin contains o 335 per cent iron, the normal 
values for blood iron ma> be determined from the hemoglobin values 


given by the use of this factor 

(a) Males Over 14 — In 259 healthy adult males an average of 
15 8 grams per 100 cc (114 5 per cent) was found with extremes of 
13 o grams (95 per cent) and 19 o grams (138 per cent) Ninety five 
per cent of the results fell between 140 grams (102 per cent) and 18 o 
grams (130 per cent) 

(b) Females Over 14 — In 152 healthy women the average was 13 8 
grams per 100 cc (100 per cent) with extremes of 11 o grams (80 per 
cent) and 165 grams (120 per cent) Ninety five per cent of the results 
fell between 115 grams (85 per cent) and 16 o grams (115 per cent) 

(c) Children — A study of 215 children from 4 to 13 years of age 
revealed an average of 12 o grams (87 per cent) with extremes of 9 4 
grams (68 per cent) to 14 9 grams (108 per cent) and a range of 10 grams 
(70 per cent) to 14 grams (100 per cent) to include 95 per cent of the 
cases No significant sex differences were observed Mugrage and 
Andresen* found an average of about 13 5 grams (98 per cent) with a 95 
per cent range of results from 115 grams (83 per cent) to 15 o grams 
(109 per cent) for the same age penod The correct result will prob 
ably prove to he somewhere between the two averages of 1 2 o grams 


(87 per cent) and 13 5 grams (98 per cent) 

(d) Infants * — Mugrage and Andresen 6 found a rapid fall from an 
average of 17 \ grams (124 per cent) at birth to 14 6 grams (106 per 

* Haden R L The Determination of Hemoglobin by the Iron Content Method J 

Lab and Chn Med 10 406 (Jan ) 1034 t 

* Jenkins C E and Thomson M L The Distribution of Iron in Blood »n i 
Exper Path 18 175-190 (June) 1937 

* See reference page 175 , . v ,„ r <,f 

* Mackay Helen M M The Normal Haemoglobin Level During the First *e 

Life Revised Figures Arch Dis Child 8 321-225 (June) 1933 „ . Con 

Elvehjem C A Peterson W H and Mendenhall Dorothy Reed Hemoglobin 
tent of the Blood of Inf anls Am J Dis Child 45 103-na (July) *933 

* See references page 175 
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cent) at 3 days to 2 months, and in grams (81 per cent) at 2 to 4 
months From 4 months to 2 >ears the hemoglobin averaged about 
120 grams (87 per cent), then increased to a level of 13 3 grams (96 per 
cent) for the period from 2 to 4 jears The 95 per cent range of results 
in this age period from 2 to 4 years is between 10 grams (73 per cent) and 
14 grams (102 per cent) per 100 cc 

(e) Newborn — On the first 4 dajs of life the hemoglobin averages 
about 17 2 grams (125 per cent) per 100 cc , with a drop thereafter 
to about 16 o grams (116 per cent) by the tenth day The average for 
the 10 day period is 16 3 grams (118 per cent), with a range including 
95 per cent of the results of 14 o grams (101 per cent) to 20 o grams (145 
per cent) These results are based on a stud} of 200 infants, about 10 
males and 10 females being studied on each day In these newborn 
infants the cord was clamped immediately after delivery In 38 new 
born infants in whom the cord was damped at once, B I Phillips found 
an average of 15 6 grams per 100 cc (113 per cent) with a range of 12 3 
grams (89 per cent) to 18 1 grams (131 per cent), while in 33 in whom the 
cord was not damped until after the uterus had firmly contracted, the 
average was 19 3 grams (140 per cent) and the range was 17 2 grams 
(125 per cent) to 21 9 grams (159 per cent) 

3 Hemoglobin Coefficient, Color Index and Corpuscular 
Hemoglobin (Fig 4) —To calculate the color index, one needs not only 
an accurate red cell count and hemoglobin estimation on the patient’s 
blood, but also a normal standard for comparison This standard is the 
average number of grams of hemoglobin per 100 cc of blood calculated to 
a count of s o million red cells per c mm in the average healthy person 
of the same sex and in the same age group as the patient I have 
introduced the term hemoglobin coefficient to replace the awkward 
expression, “the number of grams of hemoglobin per 100 cc of blood 
calculated to a red cell count of 5 o million per c mm ” 

The corpuscular hemoglobin of Wintrobe 1 is the average hemoglobin 
content of one red cell in micromicrograms and may be determined by 
multiplying the hemoglobin coefficient by 2 o or dividing the patient’s 
hemoglobin in grams per 100 cc by the red cell count in millions per 
c mm and multiplying b> 10 1 This gives the same information as 
the color index, but is less satisfactory for clinical use since a separate 
set of normals has to be remembered for each age and sex 

* W mtrobe XI M Sue and Hemoglobin Content of the Erythrocyte J Lab and 
Clin Med 17 899 (June) 1931 

* 1 000 000 000 000 roicromjcrogragu per t gm 

S 000 000 r b c per c mm X too 000 c mm per 100 cc “ 
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The color index expresses the ratio between the amount of herao 
globin per unit number of red cells m the patient's blood and the 
amount of hemoglobin per unit number of cells in the blood of the 
average normal individual of the patient’s age and sex It is calculated 
b> dividing the per cent of hemoglobin by the pet cent of red cells V or 
this calculation, the normal hemoglobin coefficient for the patient’s age 


Volume^ 
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(a) Males (her 14 —The hemoglobin coefficient is 14 7 grams and 
the corpuscular hemoglobin is 29 4 micromicrograms 

(b) remales (her 14 —The hemoglobin coefficient is 14 3 grams and 
the corpuscular hemoglobin is 28 6 micromicrograms 

(c) Children 4 to 13 — The hemoglobin coefficient is 12 o grams and 
the corpuscular hemoglobin is 24 o micromicrograms 

(d) Infants 10 Days to 4 Years —The hemoglobin coefficient is 14 
grams and the corpuscular hemoglobin is 28 o micromicrograms 

(c) i\ cwborn In] ants — The hemoglobin coefficient is 16 o grams and 
the corpuscular hemoglobin is 32 o micromicrograms 

The above hemoglobin coefficient figures must be used as 100 per 
cent hemoglobin in calculating color indexes if the results are to be of 
clinical value Normal color indexes for all groups average 1 o and the 
range is o 85 to 1 15 Results below o 80 or ov er 1 20 are to be regarded 
as definitely pathologic To be of value the color index must be based 
on red cell counts and hemoglobin estimations in which the maximum 
error is not over 10 per cent Henct, color indexes based on the Tall 
qvist or Dare hemoglobin methods are more apt to be misleading than 
helpful Tables and a chart grcatl> simplifying this calculation are 
given on pages 48 7 to 495 

4 Red Cell Volume Determination 1 (Tig 3) — This and the 
index calculations to follow, while not a part of the routine blood 
examination, are considered here because thej arc alwajs done in 
conjunction with a red cell count and hemoglobin estimation The> 
should be determined in all cases of anemia 

The normal volumes of packed red cells per 100 cc of blood for the 
different groups as determined on venous blood containing 2 mg of 
potassium oxalate per cc bv the technic recommended on page 461 are 
given below 

(a) Adult Males — One hundred and fifty three men averaged 45 cc 
The extremes w ere 36 cc and 52 cc Ninety five per cent of the results 
were between 40 and 50 cc 

(b) Adult 1 emales and Adolescent Males — One hundred and six 
females, 18 to 30 jears of age, and 63 males, 14 to 19 jears of age 
averaged 41 cc The extremes were 33 cc and 46 cc Ninct> five 
per cent of the results were between 36 and 45 cc 

(c) Children and Adolescent I emales — \ stud} of 215 children, 4 to 
ijjcarsof age, and 46 females, 14 to 17 ) cars of age, showed an average 
of 36 cc , with extremes of 29 to 46 cc and ninct} five per cent of the 
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results between 31 and 41 cc Mugrage and Andresen 1 found an aver 
age normal cell volume for children of this age group of about 38 cc 

(d) Infants — Mugrage and Andresen 2 found a rapid drop in cell 
volume from an average of 50 cc at birth to 41 cc at 3 days to 2 months, 
and 32 cc at 2 to 4 months Trom 4 months to 4 years the average 
was about 36 cc per 100 cc with a 95 per cent range m this age period 
of 32 to 40 cc per 100 cc 

(e) Newborn Infants — The cell volume in the first 3 days averages 
about 46 cc of packed cells per 100 cc of blood and then falls to about 
40 cc by the tenth day The average for the first 10 days is 44 cc 
with a 95 per cent range of 35 to 55 cc based on a study of 200 infants, 
about 10 of each sex being studied on each day 

5 V olume Coefficients, Volume Index and Corpuscular Volume 3 
(Fig 4) — The volume coefficient for a given sex and age group 
is the average cc of packed red cells per 100 cc of blood calculated 
to a red cell count of 5 o million per c mm in normal individuals in 
that group 

The corpuscular volume of Wintrobe 4 may be determined b> 
multiply ing the volume coefficient by 2 o or b> dividing the cell volume 
in cc per 100 cc by the red cell count in millions per c mm and 
multiplying by 10 The corpuscular volume is the average volume 
of one red cell in cubic microns It gives the same information as the 
volume index, but is less satisfactory for clinical purposes because the 
values for different age and sex groups are different 

The volume coefficients and corpuscular volumes for the different 
groups, as calculated for cell volume determinations on oxalated blood, 
are as follows 

(a) Males Over 18 — The average normal volume coefficient is 41 cc 
(5 4 5 45 x, x = 41) The average corpuscular volume is 82 cubic 
micra 

(b) Females Over 18 — The average normal volume coefficient is 43 cc 
(485 41 x, x = 43) The average corpuscular volume is 86 cubic 
micra 

The reason whv the ervthrocvtes of women are slightly but signifi 
cantly larger than those of men has not yet been satisfactorily explained 

(c) Children and Adolescents 14 to 17 Years of Age The average 
normal volume coefficient is 36 cc (Children — 5 050 36 x, x = 3 > 


* See reference page 175 The correction of 6 4 per cent for shrinkage which 
has been subtracted to make the results comparable with figures obtained using or 

* For references see pages 171-170 . T T ,k and 

* Wintrobe M M Size and Hemoglobin Content of the Erythrocyte J 
Clin Med 17 899 (June) 1932 
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Adolescent Males— 5 4 5 o 41 x, x - 37, Adolescent Females— 
4850 36 x, x = 37) and the corpuscular volume is 72 

(d) Infants — The average volume coefficient calculated from the 
data of Mugrage and Andresen after correction to use of oxalated blood 
is 42 (4 3 s 36 x, x = 42) and the corpuscular volume is 84 

(e) Newborn Infants — In newborn infants during the first 10 days of 
life the average volume coefficient is 48 cc (465 44 x, x = 48), 
and the corpuscular volume is 96 cubic micra 

The normal red cells are distinctly larger in the period shortly after 
birth than at other age periods 

The volume index is the per cent of cell volume divided by the per 
cent of red cells when the volume coefficient for the patient’s sex and 
age group is taken as 100 per cent cell volume and 5 o million cells per 
c mm as 100 per cent cells See pages 487 to 495 for table and chart 
simplifying the calculation The volume index expresses the ratio 
of the mean size of the erythrocytes in the blood examined to the mean 
size of the erythrocytes in the average blood of normal individuals 
of the patient’s sex and age group In all groups the normal average 
is 1 o, with a range of o 85 to 1 15 and results under o 80 and over 
1 20 are to be regarded as pathologic 

6 Saturation Index and Corpuscular Hemoglobin Concen- 
tration — The saturation index is the per cent of hemoglobin divided 
by the per cent volume, phen the hemoglobin coefficient and volume 
coefficient for the patient’s sex and age group, respectively, are taken 
as 100 per cent hemoglobin and 100 per cent cell volume See page 
492 for simplified calculation It expresses the ratio between the 
hemoglobin per unit volume of cells in the blood examined and the 
average hemoglobin per unit volume of cells m the blood of healthy 
persons of the same sex and in the same age group The average 
normal figure is 1 o with a range of o 85 to 1 15, and results under o 80 
or over 1 20 should be regarded as pathologic 

Wmtrobe’s corpuscular hemoglobin concentration 1 may be calcu 
lated in per cent by dividing the subject’s grams of hemoglobin per 
100 cc by the subject’s cc of packed red cells per 100 cc and multiply- 
ing by 100 The average for all ages and both sexes is 34 per cent, with 
a range of 29 to 39 per cent It gives the same information as the 
saturation index and may be calculated from the saturation index by 
multiplying by 34 

7 Morphology of Erythrocytes —This should always be studied 
The morphology and staining of the akaryocyte (normal erythrocy te) 

»\Vintr°be M M Sue and Hemoglobin Content or the Erythrocyte J Lab and 
Clin Med 17 899 (June) 193a 
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are portrayed in Plate I and described in the accompanying legend 
A few cells as large as 9 micra or as small as 6 mi era m diameter, or an 
occasional cell showing slight polychromatophiha or poikilocytosis can 
not be considered abnormal 

A few nucleated erythrocytes are present in the blood at birth, but 
these rapidly decrease in number and are seldom found after the fifth 
day, although study of a sufficient number of slides will reveal the fact 
that an occasional mctakaryoc> te (normoblast) may be found in the 
blood of most normal persons 

B Physiologic Variations 1 — 1 Red Cells and Hemoglobin — 
Most of the work so far reported has been done by inaccurate methods, 
hence it requires confirmation The hemoglobin variations correspond 
roughly to those in the red cell count 

(a) Nutritional State — The count is said to be higher in thin or 
muscular, than in stout individuals Heavy meals and especially large 
fluid make cause a temporary slight decrease due to increased plasma 
volume During hunger periods there is an increase A 24 hour fast 
is said to result in a rise of 500,000 red blood cells per c mm probably 
due to decreased plasma volume 

(b) Climate and Race 2 — In winter there is said to be about 500,000 
more red cells than m summer No significant seasonal variations were 
noted in our senes, but the seasonal differences in climatic conditions 
in Portland are not extreme Change of residence from temperate 
to tropical zones is said to cause a drop of 500,000 to 2,000,000 m the 
red cell count but this is, in all probability, due to the frequency of 
contracting malaria Wintrobe* found no significant differences in 
erythrocj te counts m the subtropical climate of New Orleans from those 
we reported for Portland, Oregon Data from other parts of the world 
are now available which indicate that there are no significant differ 
ences in normal values with race or climate A few large senes 
are reported with low red cell counts and with hemoglobin determma 
tions which agree with those given m this text In all of these Hayem s 
solution, which has been shown to give low counts, was used as a diluting 
fluid 


(c) Pregnancy * — Dunng pregnancy, a gradual fall m hemoglobin, 
red cell count, and cell volume occurs, which reaches a level of about 15 

1 Wintrobe M M The Erythrocyte in Man Medicine 9 i9a'2;S (May) W 

•Sokhey S S Gokhale S K Malandkar, M A and Bilhmona H 5 
Haemoglobin Colour Index Saturation Index and Volume Index Stanaar » 

Normal Indian Men A Study Based on the Examination of 121 Men Tnd Jour « i 
503-528 (Oct ) 1937 part II Normal Indian Women A Study Based on the Exaram 
of 101 Women Ibid 25 723—739 (Jan ) 1938 

* See references under normal red cell count 

* See references in Chapter XI 
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per cent below the average normal for all three by the sixteenth to 
twenty second week The values remain at this level until about the 
thirty fourth week when a sharp rise of about 20 per cent occurs, 
followed immcdiatel) by a further fall to the previous level for red cell 
count and cell volume, and to a still lower level for hemoglobin probably 
due to iron storage in the liver of the fetus At term the hemoglobin 
averages about 11 5 grams, or between 15 and 20 per cent below the 
normal average Following normal delivery a further fall of 5 per cent 
occurs with a gradual return to normal, first of red cell count, then of 
cell volume and finally of hemoglobin The latter docs not reach full 
normal until about 6 months post partum At least part of the apparent 
decrease is due to the increased plasma volume of pregnancy 

These physiologic variations are to be sharply distinguished from 
the rare severe anemia of pregnancy which simulates pernicious 
anemia in all respects, except that spontaneous recovery occurs after the 
uterus is emptied, and from other anemias which may complicate 
pregnancy 

(d) Altitude 1 — The red cell count increases about 50,000 to 100,000 
cells per 1000 feet and the cell volume rises correspondingly but the 
hemoglobin is not greatly elevated In other words, the cells have a 
normal volume index, but low color and saturation indexes Both new 
cell formation, as indicated by increased rcticulocy tc count, and rcdis 
tnbution of cells in the circulation seem to contribute to this increase 
I ht specific stimulus has been shown to be the decreased oxygen satura 
lion of the blood 

(c) Drills and Therapeutic Measures — (1) The antipcrnicious 
anemia principle found m liver, kidney, stomach and the nuclei of 
chicken crvthrocy tes 1 is necessary for production of a normal number 
of red cells of normal size This principle has been reported to increase 
the red cell count and hemoglobin m normal individuals 1 

(.) Iron and arsenic were reported to increase the formation of red 
cells and hemoglobin They probably do not influence cither the red 


1 Hurtado, \ Studies at Hrch Vltitudc Wood Obscnations on the Indus Nalnes of 
the I rnimn Andes Am J I hvsiot 100 4S7-S05 (Maj ) try j 

* Jones N \\ Thill.p* II I Ijtmll O and Note* II T The Hematopoietic Effect 
I Niulear 1 it net net in Human Anemia* Vnn Int Med 2 6 ojH 5 zi (Jan.) toio 
More concluui e ext lenre of the rffcciMcneM of chicken nuclei has been secured since this 
uncle was puwiv l (personal communication) 

'Watkins C If Johnson K and HerjtJund If r!TcctofLiierFatrictonlrytljn>~ 
otejaml Krticulocj train Normal Indnidual* froc Soc. Lxp Biol and Med *57*0 
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cell count or hemoglobin if given in therapeutic dosage to individuals 
who are not anemic 

(3) Any drugs which cause rapid loss of fluid such as diaphoretics, 
diuretics, emetics and purgatives will cause a slight rise in the count 
due to concentration of the blood from diminished plasma volume 

(4) Cold baths are said to cause an average increase of 1,800,000, 
disappearing in an hour, due to a peripheral vasoconstriction or to 
contraction of the spleen This may apply to capillary blood only 

(5) There is often a transitory, postoperative rise of 100,000 to 
1,000,000 due to dehydration and resultant decreased plasma volume 

(6) Chronic carbon monoxide poisoning will produce an increase in 
the erythrocyte level The degree of carbon monoxide poisoning result 
ing from smoking 1 or exposure to the motor vehicle traffic of large cities 
is not sufficient to produce this effect as has been claimed 

(f) Diurnal Variations — A little work has been done on repeated 
red cell counts and hemoglobin estimations at different times of day 
As much as 30 per cent variation in hemoglobin in one day in the same 
individual has been reported, but later work indicates that such large 
variations are unusual The cause of this variation has not been 
explained, but it is probably due at least in part to vanations in plasma 
volume and the degree of contraction of the spleen 

(g) Muscular Activity *— A slight fall in erythrocytes with a corre 
sponding change m hemoglobin and cell volume has been reported after 
an hour’s rest period The red cell count and cell volume are about 
5 per cent lower after a period of rest in the recumbent position than 
during ordinary activity The difference is probably due to storage in 
the spleen 

(h) Menstruation 3 — The average menstrual blood loss is only about 
50 cc and 95 per cent of women lose less than 150 cc This amount o 
blood loss is not sufficient to affect significantly the hemoglobin values, 
although menorrhagia is one of the more common causes of anemia 

C Pathologic Variations — 1 In Red Cell Counts and Hemo- 
globin — (a) Anemia — Anemia may be defined as that condition 
in which the red cell count, or the hemoglobin, or both, are below t e 


1 Walters O S A Comparison of Erythrocyte Count Total Hemoglobin and Cor 
pusmlar Hemoglobin in Smokers and Nonsmokers J A M A X02 U j ' ^ „f 
* Walters 0 S The Erythrocyte Count Quantity of Hemoglobin and l olume^ 
Packed Cells in Normal Human Subjects During Muscular Inactivity A J 

» Duckies Dorothy’ind Elvehjem C A Hemoglobin Studies on College Women with 

Special Reference to the Effect of Menstruation J Lab & Ckn Med 22 607 4 \ 

937 Barer Adelaide P and Fowler W M The Blood Loss During Norma! Menstrua 
tion Am J Obst & Gynec 31 979-986 (June) 1936 
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normal limits for an individual of the patient’s sex and age It may be 
masked by a decrease in plasma volume as in myxedema or it may be 
only apparent due to an increased plasma volume as in late pregnancy 
In the vast majority of cases when a relatively low red cell count and 
hemoglobin estimation are found, this is due to a decrease of their total 
quantities in the blood stream The diagnosis of anemia should always 
be based on the laboratory examination, since a patient with no anemia 
may be pale, due to peripheral vasoconstriction as in persons who spend 
much time indoors or w’ho have tuberculosis, or due to a superficial 
edema as in nephrosis, on the other hand a patient who has anemia may 
have a good color due to peripheral vasodilatation The color of the 
palms of the hands is somewhat more dependable than the color of the 
skin or mucous membranes elsewhere Having established the diagno 
sis of anemia, its type and cause must be determined The following 
laboratory procedures will materially aid m this differential diagnosis 
and are, therefore, indicated whenever the diagnosis of anemia has been 
established, in addition to the routine blood examination and the secur 
ing of additional data by non laboratory procedures 

(1) Accurate color, volume, and saturation index determinations 

(2) Icterus index (and direct van den Bergh?) 

(3) Study of stained smear for the morphology of the ery throcytes 
and leukocytes and for malaria parasites 

(4) Gastric contents analysis, noting especially the presence or 
absence of achylia, and evidences of carcinoma, ulcer, or benign 
neoplasms 

(5) Unnaly sis, noting especially the urobilinogen excretion and the 
presence or absence of cry throcy tes, casts, albumin, or bilirubin 

(6) Stool examination, looking especially for blood and intestinal 
parasites or their ova 

(7) Reticulocyte count 

Tew cases of anemia can be considered adequately studied unless 
the above examinations hive been performed In many cases other 
studies will be indicated is well, among which are the following 

(8) Bleeding time, coagulation and clot retraction times and platelet 
count 

(9) Examination of moist cover slip preparations for sickle cells 

(10) Lry throev tc fragility test 

(1 x) Fry throcy tc diameter determination 

(13) Renal function tests 

(13) Blood culture 

(14) Sternal puncture and examination of bone marrow 
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(i 5) Puncture of the spleen and lymph nodes and examination of the 
punctate 

A discussion of the differential diagnosis of anemias will be post 
poned until the interpretation of these tests has been considered 
(b) Polycythemia or Erythrocylosis — Under these terms are grouped 
those conditions in which the red cell count and usually also the hemo 
globin estimation arc above the normal limits for a person of the patient’s 
sex and age These may be simulated by decreased plasma volume, 
or masked by increased plasma volume Hence, plasma and total 
blood volume determinations are indicated The differential diagnosis 
will be discussed later 

2 In the Color, Volume and Saturation Indexes — -Anemias 
are classified as macrocytic, normocytic or hypochromic microcytic by 
the results of the color, volume and saturation index studies as shown in 
Table 9 The classification of anemias in this way is of therapeutic 


Table 9 —Determination or the Type or Anemia* 


Color index 

Volume index 1 

Saturation ^ 
index 

Cell diameter 
in micra 

Typ e 

Tj a-a 0 

I 2-3 O 

0 85-1 15 

8 0 -10 0 

Macrocytic 

fo a 

1 08-1 1 

0 8s-i 15 

7 of- 8 0 

Normocyuc 

0 4-0 8 

0 5-0 8 

0 60-0 80 

60-70 

Hypochromic micmcj tic 


• Reproduced by permlmoa ol the copyright omen from Osgood E E *nd Cl*ne M 

AtlM of Hem*tology P :iS J W Staeer Inc Sin Francisco 1927 
t In familial hemolytic icterus $ 5-7 o mien 


value as well as diagnostic value since nearly all macrocytic anemias 
respond to adequate doses of anUpermcious anemia principle and nearly 
all microcytic anemias to adequate doses of iron, while normocytic 
anemias do not respond to either liver or iron Note that the saturation 
index is never high A report of a saturation index above i 2 indicates 
error in technic or calculation 

V SIGNIFICANCE OF ALTERATIONS IN THE MORPHOLOGY OF THE 
ERYTHROCYTES AND OF THE APPEARANCE OF IMMATURE CELLS 
OF THE ERYTHROCYTE SERIES IN THE BLOOD 
Study Plate I and its accompanying legend, Table 42 and theillus 
trations in the Atlas of Hematology for details of morphology These 
should be looked for especially whenever deviations from the normal 
m red cell count or hemoglobin are found They may appear m the 
blood stream in any severe anemia except the aplastic type 'The 
most marked variations from the normal are seen in pernicious anemia 
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during exacerbations Thin, well stained smears are absolutely 
essential for satisfactory study of red cells 

A A msocytosis —This is a term used to designate a marked 
irregularity in the size of red cells It occurs in any severe anemia not 
of the aplastic type 

1 Macrocytosis — Macrocytes are large red cells over 8 micra in 
diameter They are the predominating type of cell m pernicious 
anemia and other anemias due to a deficiency of the antipemicious 
anemia principle Macrocytosis may be demonstrated by measuring 



Fig s — T ypes of amsocytosis and poikilocytosis Ml are photomicrographs with a 
magnification of 750 diameters a Pernicious anemia Note the preponderance of 
macrocytes and the apparent hyperchromia although the actual hemoglobin content 
of the cells is normal for their size b Hypochromic microcytic anemia of chrome blood 
Joss Note the typical poikilocytosis the achromia and the preponderance of microcytes 
c True sickle cell anemia in a negro Note the characteristic crescentic cells with pointed 
ends and the metakary ocy te (normoblast) d Anemia of chronic infection in a white 
person showing elliptical cell type ot poikilocytosis Note the elongated cells with 
rounded ends and the tailed poikilocyte near the bottom The cells in c and d 
average normal m size and hemoglobin content 


the diameters of a large number of red cells but the volume index 
determination is a much simpler way to demonstrate this predominance 
of large cells See figure 5, a 

2 Microcytosis — Microcytes are small cells less than 7 micra in 
diameter They may occur in the blood stream in any type of severe 
chronic anemia but microcytosis or a preponderance of microc} tes is 
diagnostic of anemias due to iron deficiency hence the low volume 
index and low color index in this type of anemia Microcytes are 
thought by some 1 to indicate fragmentation of er> throcy tes and there 


* Cooley T B and Lee Pearl The Role of Erythrocyte Fragmentation m the Genesis 
of Anemia J Ped 3 55 (July) 1933 

Auer J The Structure and Function of Filaments Produced by Living Red Cor 
puscles Am J Med Sa 186 776—7^4. (Dec.) 1933 
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fore to constitute an indication of old age of the cells and of a decreased 
rate of red cell destruction See figure 5, b 

A special type of microcytosis appears in familial hemolytic icterus 
where all the cells are small in diameter but the volume is normal, 
indicating that thej are more nearly spherical than the normal red 
cells This anomaly of shape is diagnostic of this disease and is some 
times called spherocytosis They are never truly spherical however 

3 Erythrocyte Diameter ‘—This determination 13 indicated when familial 
hemolytic icterus is a possibility and may be used instead of the volume index m the 
study of other anemias It gives a quantitative expression of the degree and 
character of the anisocytosis It is however, time consuming, and the results 
at best consider only a very few cells when compared with the billions of cells 
averaged in the simpler volume index determination In conjunction with the 
cell volume determination it aids in demonstrating the tendency of erythrocytes to 
assume the spheroid form in familial hemolytic icterus, but aside from this it is 
chiefly of research value, or to be used when enough blood for the volume index is 
unobtainable 

(a) Normal Values —These differ according to different authors but thebestdata 
available indicate that the average cell diameter is about 7 6 microns with a range of 
7 o to 8 o microns and few cells smaller than 6 o or larger than 9 0 microns If 
individual measurements are made, the results are usually plotted in a curve 
If an enometer or halometer is used, only the average cell diameter is determinable 
and even this may be impossible to determine in anemias associated with much 
anisocytosis 

(b) Interpretation — An increased average cell diameter and a wider curve mdi 
eating a greater spread in cell size are characteristic of the macrocytic anemias due to 
deficiency of the antipermcious anemia principle A decreased cell diameter with 
increased range of cell diameters is characteristic of the hypochromic microcytic 
anemias due to iron deficiency A decreased cell diameter with a comparatively 
narrow range of cell size and a normal volume index is diagnostic of familial hemo 
lytic icterus In aplastic anemia, the results are normal and in other anemias the 
average cell diameter is normal but there is a greater vanation in cell diameters 

B Poikilocyiosis — This is a term used to designate a marked 
irregularity in the shape of red cells It occurs m any severe anemia 
not of the aplastic type Erythrocytes are normally almost round, but 


l Pnce Jones C Red Blood Cell Diameters Pp 8 j Oxford University Press New 
York and London 1933 . 

Jorgensen S and Warburg E T The Indices and Diameters of the Erythrocytes 
the Best Haematologtcal Criterion of Permcous Anaemia Acta Med Scandmav 0 
186 and 499 1927 To this article is appended an extremely valuab e and ex e 

Andresen Marjory I and Mugrage E R Diameter and Volume of Red Blood Cells 
in Infants and Small Children Folia Haemat 61 201-210 1938 t t & 

Haden R L The Volume Thickness Index of the Erythrocyte of Man J 1*0 
Clin Med 20 567—571 (Mar) 1055 . rvii 

Haden RL DiSraction Methods for Measuring the Diameter of the Red Boo 

J Lab & CUn Med 23 508-518 (Feb ) 1938 „ .... 

Morgensen E Studies on the Size of the Red Blood Cells Especially in Some An e 
mias Pp 3t6 Humphrey Milford Oxford University Press London 193a 
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in some diseases the> may be oval, pear-shaped, or have the shape of a 
tennis racket, dumbbell, etc Do not confuse this with crenation or 
with molding of the corpuscle due to too thick a smear Cell shape 
should be judged only from erythroc>tes which do not touch any other 
cell See figures 5 and 6 

1 Sickle Cells — In sickle cell anemia , the red cells tend to assume 
a peculiar crescent shape with both ends pointed, and the proportion 
of these pathognomonic poikiloc>tes increases on standing in a moist 
cover slip preparation The tendency to form “sickle” cells and also 
that to form elliptical cells seems to be familial but the former is limited 
to the negro race or persons having negro blood although a few cases 
m patients with no known negro ancestry have been reported The 
sickle cell anomaly 1 * occurs in 5 to 10 per cent of all negroes but in onl> 
a few of these does anemia occur If a negro patient has anemia and 
sickling is found in moist cover slip preparations it is still necessary 
to prove that the anemia is not due to one of the other causes of anemia 

2 Familial Poilalocytosis (ovalocytosis) — Sickle cells should not 
be confused (see Figs 5 and 6) with the elliptical 3 or sausage shaped 
cells characteristic of this familial anomaly of cell form Familial 
poikilocytes have oval ends and are never sharp pointed as are sickle 
cells The onl> importance of the condition is that it may be confused 
with sickle cell anemia It apparently does not affect the incidence 
of anemia but if anemia develop^ from some other cause the proportion 
of cells of this shape may increase 


3 Moist Cover Slip Preparations — Such preparations should be crammed 
whenever sickle cell anemia, malaria or filanasis is suspected The sickle cell 
phenomenon should be looked for in the blood of any negro patient It has been 
reported to occur in the white race 4 but such persons almost certainly have some 
negro blood in their ancestry The characteristic appearance of sickle cells in the 
moist cover slip preparations after standing from 12 to 24 hours is shown in Figure 6 
Malaria parasites may be observed in moist cover slip preparations as hyalin 
bodies containing pigment granules in rapid motion inside the red corpuscles 
Diana parasites seen in blood taken at night appear as long filaments in rapid 
motion which cause movement of the red corpuscles in their vicinity The> 
should be sought in any patient with elephantiasis or chylous ascites 


1 Diggs L W Ahmann C F and Bibb Juanita The Incidence and Significance of 
the Sickle Cell Trait Ann Int Med 7 76^-778 (Dec) 1033 

* Strauss M B and D aland Geneva A Hereditary Ch alocj tosis (Human Elliptical 
Erj throcy tes) Obscn. ations on Ten Cases in One Familj New England J Med 217 
loo-iojCJuly is) 1937 

1 Hunter M C A Further Study of a \\ hite Family Showing ElhpUcal Er> throcytes 
Ann Int Med 6 77s— 781 (Dec) 1932 

* Rosenfeld S and Pincus I B The Occurrence of Sicklemia in the White Race 

Ara J Med Sci 184 674 (Nov) 1932 
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C Polychromatophiha —This is an irregularity in staining, some 
of the cells take a more basic stain than others and hence, appear 
greenish or bluish This, of course, can not be detected if all cells 
are blue, due to poor technic in staining It is due to the persistence of 
some of the basophilic material normally constituting the cytoplasm of 
the most immature cells of this senes together with the presence of 
quantities var>ing from none to a full quota of hemoglobin Some 
believe that polychromatophiha in nucleated cells of the erythrocyte 
series is an indication of the stage of maturity It can not be a very 



Fic 6 — Sickle cells as seen in a raoist cover slip preparation 


reliable criterion of the stage of development of the nucleated series 
since it is common m akaryocytes (non nucleated erythrocytes) It 
does indicate immaturity in the akaryocytes (non nucleated eiythro 
cytes), however, and has exactly the same significance as basophilic 
stippling or reticulocytes, but the reticulocyte count is far more reliable 
as a entenon of the rate of ervthrocvte production 

D Stippling or Punctate Basophilia — -This is a condition in 
which there are blue staining, basophilic granules scattered through the 
cell It is especially characteristic m lead poisoning, but may occur in 
pernicious anemia and other severe anemias Careful search for baso 
phihc stippling should be made whenever lead poisoning is suspected 
This has the same significance as polychromatophiha or an increase 
in reticulocytes Sometimes the same proportion of cells will show 
polychromatophiha on one portion of the slide and basophilic stipphng 
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on another portion of the same slide Basophilic stippling is much less 
common than polychromatophiha It may be present in any of the 
conditions listed as causes of an increase in the reticulocyte count 
E Achromia — This is a condition in which the centers of the 
majority of cells are paler than usual It is seen in iron deficiency 
anemias, especially those due to chronic blood loss, but not in uncom 
plicated pernicious anemia It is due to a deficiency of hemoglobin per 
unit \olume of cell The saturation index gives a quantitative expres 
sion of the degree of achromia present and is much more reliable because 
achromia may be simulated by decreased cell thickness which does not 
influence the accuracy of the saturation index See figure 5, b 

T Nucleated Red Cells — The morphology of these is given m 
Plate I and the accompanying legend, in Table 42 and m the lllustra 
tions in the Atlas of Hematology The presence of nucleated erythro 
cytes in the blood indicates increased activity of the marrow although 
this increased activity may be ineffective in maintaining the blood level 
as in myelophthisic anemias due to quantitativ e deficiency m the amount 
of marrow available The more marked the hyperplasia of the marrow 
the greater the number of nucleated red cells which may appear in the 
blood and the greater the proportion of the more immature forms 
Nucleated ery throcytes occur normally in blood during fetal life and for 
a short time after birth Nucleated red cells may occur m any severe 
anemia except the aplastic type but they occur in the greatest numbers 
during the crises of pernicious anemia They may also occur in small 
pox, osteomyelitis, involvement of the bone marrow by tumors, and in 
the severe anemias of early childhood Outpouring of many nucleated 
ery throcy tes and immature leukocytes is not uncommon shortly before 
death or after extreme pain such as that of coronary occlusion Karyo 
blasts (megaloblasts), if found, favor a diagnosis of pernicious anemia, 
but m many typical cases, they are difficult or impossible to find, and 
they may occur in other conditions, particularly lead poisoning, 
granulocytic (myelogenous) leukemia, ery throleukoblastosis, and the 
other severe anemias of early childhood Some 1 regard kary oblasts 
(megaloblasts) as specific evidence of the presence of pernicious anemia 

G Howell-Jolly Bodies and Cabot's Rings — These are small 
blue, red, or purplish staining dots and rings, respectively, in the red 
cells They are thought to be remnants of nuclei which have been 
incompletely absorbed Hence, like polychromatophiha, basophilic 
stippling and nucleated red cells, they are to be interpreted as immature 

•Jones O P Cytological Studies of Biopsied Pernicious \nemia Bone Marrow Dunne 
Relapse Proc Soc Exper Biol &. Med 34 694-696 (June) 1936 
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cells and, therefore, evidence of great bone marrow activity, rather 
than as specific for any particular type of anemia The> are especially 
numerous after splenectomy and arc most apt to be found in anemias 
associated with severe changes in the spleen 

VI EVIDENCES OF THE RATE OF ERYTHROPOIESIS 


A Reticulocyte Count 1 — This furnishes our most reliable ente 
rion of erythropoietic activity The reticulocytes are increased in any 
condition associated with increased rate of red cell formation and 
decreased with decreased red cell formation The test is, therefore, 
desirable m the accurate stud} of all anemias It it. specifically 
indicated in following the response of an> anemia to therapy, and in 
any anemia m which hemoly tic icterus, sickle cell or aplastic anemia 
are considered as possibilities, as an aid m diagnosis In following the 
response of an anemia to treatment, reticulocyte counts should be 
repeated daily from the date of beginning treatment for 2 weeks 

1 Normal Values — Figures given by different authors vary 
widely Our studies indicate that this difference m figures is due to 
variations in the technic used Osgood and Wilhelm have devised a 
method, given on page 496, which shows the maximum number of 
reticulocy tes Normal v alues, based on a study of no men, 50 women 
and 208 children, using this method, proved to be o 5 to 3 o (extreme 
4 o) per cent with an average of 1 5 per cent The figures were the 
same for both sexes and at all ages above mfanc) Since the percentage 
figures showed no correlation with the red cell counts, reticuloc>te 
counts should be reported as per cent rather than as the number per 
c ram Values for the newborn are about 8 per cent the first day, 7 
per cent the second day, 6 per cent the third da}, 5 per cent the fourth 
day , 4 per cent the fifth and sixth days, and 3 per cent the remainder of 
the newborn period, based on a study of 200 newborn infants, about 10 
of each sex being studied on each day for the first ro day s The average 
for the period is 5 per cent with a range of 1 to 12 per cent including 
95 per cent of results Throughout childhood, although adult stand 
ards apply, slighter stimuli are required to produce a corresponding 


increase in reticulocytes 

2 Increased Reticulocytes —This indicates rapid red cell forma 
turn and hence an actively functioning marrow The greatest increases 


1 Ortcn, J M The Properties and Significance of the Reticulocyte V ale J 
and .Vilhelm liable M Rnhcnlncyt. 

Chl 'S™«o/S. I J >-ab 15 

Mo-1135 U uJ y> 1934 
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occur in familial hemolytic icterus and m sickle cell anemia Counts of 
o\er 10 per cent (200,000 per cubic millimeter) in patients who are not 
receiving therapj should suggest these diagnoses and much higher 
counts maj occur 

In untreated pernicious anemia, the reticulocytes may be normal 
or greatl} increased during and preceding remissions As a rule 
the} are moderately increased in percentage, but normal or decreased 
in total number After administration of the antipemicious anemia 
principle 1 in macrocjtic anemia a typical increase begins almost 
immediately, reaching its maximum in 5 to 15 da>s after adequate 
therap} is started and then returning to normal The level reached 
bears an inverse ratio to the red cell count when the initial red cell 
count is under three million It is so definite (5 to 60 per cent) and 
constant in such cases that if it does not occur one is justified in con- 
cluding that the case is not one of macrocytic anemia or that the 
preparation used is inactive or being given in inadequate dosage If 
the initial count is over 3 o million, the increase is not so marked or 
constant Table 10 shows the expected range of rise m reticuIoc>tes 


Table 10 — Expected Reticulocyte Peak Following Therapy* 


Initial R 6 C millions 
per c mm 

Average of reticulocyte 
peak in per cent 

Range in reticulocyte 
peak in per cent 

0 5-1 0 

40 0 

20 0-7 0 0 

I O-I 3 

30 0 

15 0-60 0 

1 5-2 0 

20 0 

10 0-50 0 

2 0-2 5 

IS 0 

4 0-35 0 

2 5-3 0 

8 0 

3 9-20 0 

Abov e 3 0 

Inconstant 

1 9-15 0 


* Reproduced by permission of the copyright owners from Osgood E E and Ashworth CUnce 
M Atlas of Hematology J W Stacey Inc San Prancisco 1937 p 117 


for each red cell level if specific therapy with liver or iron is adequate 
and the correct diagnosis has been made 

A similar increase in reticuloc} tes follow s the administration of an 
adequate dose of iron 2 to patients with an iron deficiency anemia 

1 Minot G R Murphy IV P and Stetson R P The Response of the Reticulocytes 
to Liver Therapy Am J Med Sc 175 581-599 (May) 1928 

Minot G R Cohn, E J Murphy W P , and Lawson II A Treatment of Per 
mcious Anemia with Lit er Extract Effects Upon the Production of Immature and Mature 
Red Cells Am J Med Sc 175 599-671 (Ma>) 1928 

Bethell F H and Goldhamer S M Standards for Maximum Reticulocyte Values 
F olio wing Ventnculm and Intravenous Liver Extract Therapy in Pernicious Anemia Am 
J Med Sci 186 480 (Oct ) 1933 

.. ® ^ and Heath C W The Response of the ReUculocytes to Iron Am 1 

Med Sci 183 no-i2t (Feb) 1932 J 
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A considerably increased reticulocyte count is the rule after acute 
hemorrhages, in lead or mercury poisoning, in malaria, and in leukemias, 
but it is not of diagnostic value m these conditions It does indicate, 
however, that if the cause of the anemia can be removed, a prompt rise 
m the red cell count may be expected 

Reticulocvtes are usually within normal limits in anemias due to 
chronic hemorrhage or to infection 

3 Decreased Reticulocyte Count — This indicates poor er>thro 
poietic function and ma> constitute an indication for transfusion 
The diagnosis of aplastic anemia either idiopathic or symptomatic 
should not be made if reticuloc) tes are not less than o 4 per cent in the 
blood 

B Other Criteria — 1 Of Increased Erythropoiesis — The 
presence of poly chromatophilia, basophilic stippling, nucleated eryth 
rocytes, or immature cells of the granulocyte (myeloid) senes mdi 
cates hyperplasia of the marrow and are usually present in those cases 
with the more marked increases in reticulocyte count 

2 Of Decreased Erythropoiesis — Microcytosis and poihilocyto 
sis are thought by some to indicate decreased erythrocyte production 
with compensatory decreased rate of erythrocyte destruction This 
opinion is not vet definitely established The cells above bsted as 
increased with hyperplasia of the marrow are usually absent if there is 
hypoplasia 

VII EVIDENCES OF THE RATE OF ERYTHROCYTE DESTRUCTION 

A The Icterus Index — -This is indicated in all cases of anemia 
It is increased in all conditions in which hemoglobin is bung destroyed 
within the bodv, therefore, in all forms of internal hemorrhage, all forms 
of hemolysis, and in mechanical breakdown of cells as in malaria It 
has been discussed on page 139 

B Urobilinogen Excretion in the Urine and Feces —Daily 
urobilinogen determinations on the urine should be run for a period of 
10 days in all patients with anemia An excretion sufficient to give a 
positive test in a dilution of 1 to 20 or more indicates excessive destruc 
tion of hemoglobin if disease of the liver and biliary tract can be 
excluded The urobilinogen determination and icterus index are o 
value as a gauge of hemoglobin destruction only if disease of the h\er 
and biliary tract can be excluded Quantitative determinations 0 
urobilinogen in the stools will give an approximate idea of the amount 
of hemoglobin destroyed The greatest excretion may occur in 
hemolytic icterus 
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C The Fragility of the Red Blood Corpuscles 1 — The resistance of the red cells 
to laking bj hypotonic salt solution should be tested whenever hemolytic icterus is 
suspected An increase in fragility indicates an increased susceptibility to er 
ythrocyte destruction It is of academic interest to determine it in an> anemia, but 
it is rarely necessary for the diagnosis 

1 Normal Values— These are the same both for adults and for children 
Hemolysis is first detectable in the o 46 to o 38 per cent sodium chloride solution 
and is complete in o 3d to o 30 per cent solution 

2 The fragility of the red blood cells is increased in 

(a) Farndtal Hemolytic Icterus {Acholuric Jaundice ) —Hemolysis may begin at 
o 72 per cent and be complete at o 45 per cent and the resistance is always definitely 
decreased An acquired form of hemolj tic icterus has been described but it seems 
probable that these are merely acute exacerbations of latent familial hemolytic 
icterus m patients the other involved members of whose family are not available for 
examination 

As far as w e know at present a decreased resistance of the red cells to laking bv 
hypotonic salt solution is pathognomonic of hemolytic icterus, and the diagnosis 
must remain in doubt until increased fragibt> of the red cells is demonstrated 

3 The fragility is decreased (cells are more resistant) in the follow mg conditions 

(a) Other hemolytic anemias such as lead poisoning 

(b) Pernicious Anemia 

(c) Obstructi e Jaundice (differentiates it from hemolytic icterus) 

In other anemias the fragility is usually normal but may be slightly decreased 

VIII PARASITES OF THE BLOOD 
A Malaria - — Malaria parasites should, of course, be looked for 
while studying the red cells m connection with the examination of every 
stained smear, but a special search for malaria parasites is indicated in 
patients who have repeated chills, unexplained anemia, or enlargement 
of the spleen Since the parasites disappear from the blood very soon 
after quinine is given, therapv should not be started until the search for 
these parasites is completed 

Malaria is due to an infestation of the red cells by an animal parasite 
belonging to the class of sporozoa It is characterized by repeated 
chills and intermittent fever in the acute stages with rapidlj developing 
anemia and enlargement of the spleen which become more marked in the 
chronic stages The diagnosis is established bj finding the character 
istic parasite in the blood smears and if this is impossible, as in some 

1 Vaughan Janet M Red Cell Characteristics in Acholuric Jaundice J Path & 
Bact 45 561-577 (Nov ) 1937 

Dacie J V and Vaughan Janet M The Fragility of the Red Blood Cells Its 
Measurement and Significance J Path & Bact 46 341-356 (Mar ) 1958 

Castle VV B andDaland Geneva A Susceptibility of Mammalian Erythrocytes to 
Hemolysis with Hypotonic Solutions Function of Differences Between Discoidal Volume 
and Volume of a Sphere of Equal Surface Arch Int Med 60 949-966 (Dec ) 1037 
* For more details of the life cycles of these parasites and descripUons of their mor 
pnology, special work* on tropical medicine or parasitology should be consulted 
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cases of chronic or estivoautumnal malaria, in smears from sternal or 
splenic puncture 

The detailed morphology of the different types and stages is described 
on page 485 and illustrated in the frontispiece and should be studied at 
this time 

The chief diagnostic features of infestation with the tertian parasite 
are the progressive enlargement and paling of the red cell, the appear 
ance of Schueffner’s granules as maturity is reached, and the number of 
segmtnts 

Two widely different stages found in large numbers suggest a double 
tertian infection as the basis for daily chills 

The diagnostic features of the quartan form are the finding of band 
forms, the smaller number of segments (6 to 12) and the decreasing size 
of the red cell with increasing depth of color and a brassy appearance 
The estivoautumnal form is diagnosed if the characteristic ovoids 
or crescents are found and suspected if only ring forms which are finer 
than the tertian and have a greater tendency to occur m groups of two 
or three in one red cell can be found 

Lxaminations should be repeated daily dunng treatment until 
they have disappeared from the blood, and then at increasing intervals 
of two weeks to two months for a year to make certain that there is no 
recurrence 

Other laboratory findings in malaria which are discussed in detail 
elsewhere in this book are the high icterus index, increased urobilinogen 
in the unne, normocytic anemia, simple leukopenia, increase in rhabdo 
cytes (staff cells), occasional leukocytosis, the presence of pigment 
in the neutrophils and monocytes, and the hemoglobinuria which occurs 
in the most severe cases and is spoken of as black water fever 

B Filanasts — Examination of a moist cover slip preparation as well as stained 
smears for Microfilaria bancrofti are indicated when elephantiasis, chylous ascites or 
chyluna in a person from the tropics suggests this diagnosis The micro ana 
appear in the blood stream most commonly at mght so that blood should be ta en 
at night as v. ell as by day in examining for this parasite Eosinophiha an ema 
tuna are often present but anemia is rare , ■ 

C Trypanosomiasts — Moist cover slip preparations and Wrights s a,ne 
smears should be searched for the presence of Trypanosoma gambiense in pa len 
thought to have Afncan sleeping sickness , < 

D Leishmaniasis or Kala azar — Kala azar is the most important * orm 
Leishmaniasis It should be thought of in any person from the Medi erran ^ 
countnes with enlarged spleen, normocytic anemia and leukopenia, often wi re ^ 
live monocytosis The Leishman Donovan bodies diagnostic of the disease, 
found in material obtained bv sternal or splenic puncture e-nfine 

The organisms of Leishmama infantum may be found m children 
similar symptoms from the same region It is probable that this is the sa 
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Oriental sore or Aleppo boil may be diagnosed if the organisms of Leishmama 
tropica which are identical in appearance with Leishman Dono\3n bodies are 
found in scrapings from the edge of a shin lesion, in a patient from South America, 
India or Asia Minor Leukopenia, eosinophiha and monocy tosis are common and 
anemia is absent 


!\ EXAMINATION OF MATERIAL OBTAINED FROM THE MARROW, 
SPLEEN OR LYMPH NODES 

A Examination of Bone Marrow 1 — The development of the 
sternal puncture technic* for aspirating bone marrow during life has 
made this a practical clinical procedure The procedure gives results 
of great interest in most disorders of the blood or blood forming organs 
and is specifically indicated in cases in which a leukopenia with anemia 
suggests the possibility of an aleukemic phase of a leukemia or of an 
aplastic tncmia It has also proved of diagnostic value m multiple 
myeloma, Gaucher’s disease, and the Hand Schuller Christian type of 
xanthomatosis 

Culture of human marrow 1 has proved a useful research method but 
is not necessary for clinical diagnosis 


1 Nordenson N C Studies on Rone Marrow from Sternal Puncture Pp 204 
RortzelU I sselte Stockholm 193s 

’■Young R II , and Osgood L L Sternal Marrow Aspirated During Life Cytology 
In Health and Disease Arch Int Med 55 1S6- 03 (Feb ) 1935 

Ilameshek \\ Henstell II II and Valentine 1 leanor II The Comparative Value 
and the Limitations of the Trephine and I uncture Methods for Riopsy of the Sternal Rone 
Marrow Ann Ini Med 11 801-818 (Nov) 1937 

Vogel. P hrf I A and Rosenthal Hematological Observations on Rone Marrow 

Obtained by Sternal Funclure Am J Clin Path 7 436-447 (Sept ) 1937 49S-515 
(Nov ) 1937 

•Osgood I F and Muscovite A A. Culture ol Human Rone Marrow Preliminary 
Report J A M A 106 18SS-1890 (May 30) 1936 

Osgood I- L and Rrownlee Inez F Culture of Human Marrow A Simple Method 
lor Multiple Cultures J A M A 107 123 (July n) 1936 

Osgood I I and Rrownlee Inez h Cultured Human Marrow Details of a Simple 
Method J A M A toS 1793-1*96 (May 22) 1937 

Osgood I T Culture of Human Marrow Length ofl ife of the Neutrophils Eos mo 
phils and Ilasophils of Normal Rlood as Determined by Comparative Cultures of Rlood 
and Sternal Marrow from Healthy Persons JAMA 109 033-936 (Sept 18)1937 
Osgood 1 L The Histogenesis Classification and Idcntitication of the Cells of the 
Rlood and Marrow Rased on Cultures and Hematologic Studies o! Human Marrow and 
Rlood Am J Clin 1 ath 8 59-74 (Jau ) 1938 

Osgood I h Cultured Human Marrow Studies on the Mode of Vction of Sulfamla 
made JAMA 110 349-316 (Jan 20)1938 

Os-nod 1 I Culture of Human Marrow \n Improved Apparatus for I jrge Scale 
Culture An J M 195 141-144 (1 eb ) 1938 

Osgood 1 1 Culture of Human Marrow A Comparative Study of the I fleets of 
Sullanlinl le an 1 Vniipneumococcus Vrum on Ihe Course ol 1 iperimental I neumococcie 
Infections Arch Int Med 6 j 181-198 (Vug) 1038 

Osgood I I Culture of Human Marrow Texas State J Med 34 206- 08 (July) 


Osgood 1 I Culture of Hunan Marrow asan Aid In the f valuation of Therapeutic 

Agenti Studies of Sulfanilamide and Related Compounds J Lab A Cbn Med to be 
pah* shed 

Osjpwl 1 ~ h , ar J Rracker C J Culture ol Hunan Marrow Studies of the FfTecu 
t* h wntgen Rajs on Normal and Malignant Cell* Ann Int. Med. to be pubh 
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i Normal Values — These arc expressed as a percentage of the 
total number of nucleated cells found The results of a study of the 
sternal marrow of 28 healthy miles arc summarized in Table 11 
Similar values have been obtained in a study 1 of 24 healthy joung 
women In pregnant women the total nucleated cell counts were some 
Tabic it — D iwerential Cell Count or Normal Sternal Marrow* 


Type of cell 

Average per cent 

Range per cent 

Neutrophil lobocytcs (polymorphonuclcars) 

13 3° 

7 O' »S 0 

Eosinophil lobocytcs 

0 45 

0 0-10 

Basophil lobocytcs 

0 10 

0 0-02 

Neutrophil rhabdocytes (staff cells) 

24 10 

is o -33 0 

Eosinophil rhabdocytes 

0 So 

00-26 

Basophil rhabdocytes 

0 06 

0 0-10 

Neutrophil metagranulocytes (metamyelocytes) 

7 40 

1 0 10 0 

Eosinophil metagranulocy tes 

0 64 

0 O- 2 0 

Neutrophil granulocytes (myelocytes) 

0 86 

O 0-10 0 

Progranulocytes S (promyelocytes I) 

, 68 

0 0- s 0 

Progranulocytes A (promyelocytes II) 

I 48 

0 0- s 0 

Granuloblasts (myeloblasts) 

0 44 

0 0-20 

Lvmphocy tes 

10 60 

4 0-16 0 

Monocytes 

a 06 

0 0- S 0 

Metakaryocy tes (normoblasts) 

5 0 

2 0-10 0 

karyocytes (pronormoblasts) 

7 0 

2 0-15 O 

Prokaryoo tes (erytbroblasts) 

1 5 

0 0- S 0 

karyoblasts (mega! oblasts) 


0 0-02 

Granulocyte erythrocytet ratio 

3 61 1 0 

2 1 to 9 1 


* Reproduced by p mission of the copyright owners from Osgood E E and Ashworth Cl nee 
Atlas of Hematology P 143 J W Stacey Inc San Franc sco 1937 
t Nucleated cells only 

■ Pitts H H and Paekham Evelyn A Hematology of Sternal Marrow and Venous 
Dlood of Pregnant and Non pregnant Women Arch lnt Med to be publis 
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what higher but the differential counts were similar More data are 
needed on the total nucleated cell count per cubic millimeter of the 
marrow, but preliminary studies suggest that this count is usual!} 
6,000 to 70,000 per cubic millimeter with 95 per cent of the counts 
between 10,000 and 50,000 

2 Interpretation — Absence of, or great decrease m, nucleate d 
cells and reticuloc} tes is diagnostic of aplastic anemia A marked 
increase in the percentage™ oPprogranulocy tes (prom> eloc} tes) or 
granuloblasts (mjeloblasts) is diagnostic of granuloc} tic (mjelogenous) 
leukemia In chloroma large atypical granuloblasts (myeloblasts) 
predominate in the marrow The occurrence of prolymphocytes and 
lymphoblasts, as proved by the negative peroxidase stain, is diagnostic 
of acute 1} mphocy tic leukemia or infectious mononucleosis The per 
centagc of lymphocytes is greatly increased in the marrow m chrome 
lymphocytic leukemia Characteristic cells arc found in the marrow 
cv tn though absent from the blood in leukemias In pernicious anemia 
there is a great increase m the percentage of kary oblasts (megaloblasts) 
and prokaryoevtes (cry throblasts) In anemias due to iron deficiency 
and m anemias associated with infection, there is a great increase in the 
kary ocy tes and metakaryocy tes (normoblasts) In malaria, the para 
sites arc present in a higher percentage of red cells in the marrow than in 
the blood, and all stages of phagocy tic digestion of the parasites by the 
neutrophils may be observed in the marrow, although only the pigment 
granules remaining from this complete digestion have been observed in 
the neutrophils which appear in the blood In Leishmaniasis, the 
characteristic I cishman Donovan bodies will be found In hpoid 
histiocy tosis (Gauchcr’s disease, Niemann Pick's disease, and the Hand 
Schlillcr Christian type of xanthomatosis) the typical large vacuolated 
foam cells may be found The decrease in granulocv tic (my cloid) cells 
in agnnulocy tosis should differentiate it from acute aleukemic leukemias 
with which it is so often confuted Using this method, it has been 
possible to prove that the kar\ oblast (megaloblast) is the precursor of 
the metakaryocy to (normoblast) and that the monoblast and promono 
r\ tc arc the precursors of the mature monocy te 

B Splenic Puncture * — This procedure is indicated in patients 
with splenomegaly in which it is not possible to establish the diagnosis 
In other methods The procedure carries a slight nsk, as death has 
been known to occur from hemorrhage following the puncture It 
max be necessary to establish the diagnosis in Leishmaniasis (kala 

1 J B Splenic I uncturr as a Iluffnxlic I roerdure in Infancy and Childhood 
Vnn Ini Mrtl 4 467-4^ (V* ) iojo 
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azar), in Gaucher’s disease, in Niemann-Pick’s disease, m the Hand 
Schuller Christian type of xanthomatosis, m some cases of chrome 
malaria, or in aleukemic myelosis Splenic puncture is contra indi 
cated in any patient with prolonged bleeding or clotting time, in all 
hemorrhagic diseases, hemangiomas, cjsts, and when malignant tumors 
are thought to be present 

i Interpretation — Normal values are not known because the 
procedure is contra indicated if the spleen is not enlarged In Leish 
maniasis the characteristic Leishman Donoxan bodies will be found m 
the cells when stained with Wright’s stain In the three types of 
histiocytosis (Gaucher's disease, Niemann Pick’s disease, and the 
Hand Schuller Christian type of xanthomatosis) the characteristic 
foam cells will be found in smears These are monocytes which have 
phagocytized so much lipoid material that they are greatly increased 
in size and have a foamy stnated appearance In cases m which chronic 
malaria is suspected, but the presence of the organisms cannot be 
demonstrated in the blood even after the administration of adrenalin, 
they may be demonstrated in the material obtained from splenic punc 
ture In aleukemic myelosis, numerous progranulocytes (promjelo 
cytes) and granuloblasts (myeloblasts) ui/I be found 

C Lymph Node Puncture *— Lymph node puncture is indicated in patients 
with generalized enlargement of the lymph nodes in whom a diagnosis has not been 
established by other methods 

Local anesthesia and a sternal puncture needle may be used but m many cases 
it is difficult to obtain enough material by puncture for satisfactory preparations 
The puncture material is smeared on slides and stained with Wnght's stain The 
normals are not yet known Presumably normal smears would show many 
lymphocytes with a few prolymphocytes and lymphoblasts In Hodgkin’s disease, 
giant cells and eosinophils may be seen In lymphosarcoma or acute lymphocytic 
leukemia, many lymphoblasts would be seen More experience with the method is 
needed before its clinical value is known Removal and section of a lymph node, 
making fresh impnnt preparations as well as paraffin sections will usually be 
necessary in addition before the proper interpretation of puncture material is 
learned 


X DIFFERENTIAL DIAGNOSIS OF ANEMIAS* 

It was formerly customary to divide anemias into two groups 
Under the term primary anemia were included cases of pernicious 

1 Weil P E , Isch Wall P , and Perles Suzanne Diagnostic de la Maladie de Hodgkin 
par la Ponctton ganglionnaire Presse m£d 44 i540-*S43 (Oct 3) *93° .. „ . 

Kirschbaum A and Downey H A Comparison of Some of the Methods used in 
Studies of Hemopoietic Tissues Anat Rec 68 227-234 (May) 1937 , 

* Witts L J Gouistoman Lectures on the Pathology and Treatment of Anemia 
Lancet Pp 40c, 540 601 and 6s* (March s 12 *9 26) t93 a _ _ . • t\ 

Osgood r E and Haskins H D Causes Classification and Differential Diagnosis 
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anemia and sometimes chlorosis, and under the name secondarj 
anemia, all others The bases for these names were that the cause was 
supposed to be unknown in primary anemias and known m secondary 
anemias As this classification is illogical in grouping unrelated condi 
tions together and tends to discourage thinking, it is now obsolete 
Instead, the classification into macrocy tic, normoc\ tic and hypochromic 
microcytic anemias (Table 9) which aids materially m diagnosis and 
planning therapy is used Since clinical anemias arc often due to the 
combined presence of se\eral fundamental causes anemias arc more 
easily understood if the three fundamental causes of anemia in their pure 
forms arc first described 


A Fundamental Causes — Obviously there are only three ultimate causes 


of anemia 

1 Deficient production of red cells, or of hemoglobin, or of both, either 
due to lack of materials or to lack of active blood-forming tissue 

2 Abnormally rapid destruction of red cells or hemoglobin, or both, in 
the body are included m this group 

3 Hemorrhage or loss of red cells and hemoglobin from the body 

As all clinical anemias result from various combinations of these factors they 
deserve special study 

t Deficient Production of Red Cells —This is the group about which we 
know least 

(a) Deficient Erythrocyte Building Material —Iron, certain other metals, 
and probably other as yet unidentified substances are necessary for the forraaUon 
of hemoglobin The antipcmicious anemia principle is necessary for the forma- 
tion of red cells of normal size and hemoglobin content 

The Iron deficiency anemias Include nutritional anemia, the anemia of chronic 
hemorrhage, Idiopathic hypochromic anemia, and chlorosis In nutritional 
anemia, the Iron deficiency is due to an inadequate Intake, in chronic hemorrhage, 
to an excessive loss of iron, in hypochromic anemia, to deficient absorption of 
Iron because of inadequate digestion of organic iron compounds, and in chlorosis 
probably to a combination of these factors These anemias are characterized 
by low color, volume and saturation indexes and are called hypochromic micro- 
cytic anemias. 

Anemias due to deficiency of the antipemicious anemia principle or of the 
intrinsic or extrinsic factors necessary for its production include pernicious 
anemia, pernicious anemia of pregnancy, and the anemias of sprue and Diphyilo- 
bothrjum latum infestation In pernicious anemia the deficiency is in the 
intrinsic factor, in pernicious anemia of pregnancy, the deficiency Is due to an 
inadequate supply of the antipemicious anemia principle for the needs of both 


of \rfnut lUvd on tt-e llcuilr I 1 uniulm of Over Two Hun lied I atienta an l a 
Muly rl tl-r literature \nn fnt Met! 5 t\( -»j &('!*>) lQU 

O,-. >1 1 | an I \iH», rth C lance M \tl»t of Ifmjtoljg) |n jre I \\ 
Matey Ire *\in } rancitro igj 

Cattle \\ II and Mtaoi < h I I hy»ol>gy an I Clinical Hetcrint* n 

cl ll* irrrui In CbnUua II Y Otford Medxier New York Oifmi Lnltrrtity 
igj?> vol 1 party pp jV-CCs ’ 
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mother and fetus, and in sprue and Diphyllobothrium latum infestation, to 
deficient absorption These anemias are characterized by high color and 
volume indexes and a normal saturation index and are sometimes called macro- 
cytic anemias 

The other anemias, except those due to deficiency of iron or antipemicious 
anemia principle, are normocytic with the exception of the anemia of chrome 
blood loss which is actually a relative iron deficiency and is hypochromic micro- 
cytic as are other iron deficiency anemias 

Vitamin C, 1 vitamin Bj, 1 vitamin B t> * vitamin K * and thyroid secretion 
have also been shown to be necessary for proper red cell maturation 

(b) Aplasia of Eryihropaiettc Tissue — Here we expect absence of evidences 
of red cell regeneration Therefore, reticulocytes, polychromatophilic cells, and 
nucleated red cells should be absent from the blood stream, and, as the other 
marrow cells are seldom 4 spared, one would expect, also, leukopenia affecting 
chiefly the granulocyte (myeloid) series and thrombopema with the associated 
prolonged bleeding time, delayed clot retraction and hemorrhagic tendency 
Certain poisons, especially benzol and drugs containing the benzol nog* are 
known to produce this syndrome, and it is probable that also some bacterial toxins 
can produce it It may be produced by excessive exposure of blood forming 
tissue to roentgen-rays or radio-active substances 4 and in some cases is due to 
almost complete destruction of marrow by invasion of other tissue as in osteo- 
sclerotic anemia, and in rare instances of amyloidosis and extensive my- 
elophthisic anemias A few cases occur for which the cause has not been 
determined and they are grouped under the term idiopathic aplastic anemia 
The only therapy that can be expected to be effective in the aplastic cases is 


1 Mettier S R and Chew, W B The Anemia of Scurvy Effect of Vitamin C Diet on 
Blood Formation in Experimental Scurvy of Guinea Tigs J Exper Med SS 97 ,- 979 

* Gyorgy P Robscheit Robbins F S, and Whipple G II Lactofiai in (Riboflavin) 

Increases Hemoglobin Production m the Anemic Dog Am J Physiol X22 IJ4 _I 59 
(Apr) 1938 . 

4 Fouts P J Helmer O M , Lepkovsty S and Jukes T If Production of Micro 
cytic Hypochromic Anemia in Puppies on Synthetic Diet Deficient in Rat Antidermatitis 
factor (Vitamin B«) j Nutrition t(5 197-107 (Aug 10) 1938 

* Thayer S A McKee R V , MacCorquodale D V, and Doisy E A Recovery 
from the Anemia Caused by a Diet Deficient in \ Hamm K Proc Soc Exper Biol « 
Med 37 417-420 (Nov) 1937 

* Baar, If Progressive postmfcktiose Erythrophthise Folia haeraat 3 $ 

(November) 1927 This extremely rare condition in which only erythropoiesis is aistur&ea 
is the third member of the group of specific bone marrow dysfunctions agranulocytosis ana 
some types of thrombopenic purpura are the other two In aplastic anemia all three 
functions are impaired , . # 

It seems probable that these four conditions may be merely different re" ponses 01 ai 
ferent individuals to different quantities of the same toxins for example it is poss* 
experimentally to produce pictures closely simulating any one of these syndromes oy v > 
mg the doses and the duration of exposure to benzol A further point suggesting tiat 
is true is that cases occur showing clinical features intermediate between any two ot 1 
conditions . , t , 

It is a striking fact that all the conditions associated with a marked dehciency 
mature neutrophils in the circulating blood (agranulocytic angina aplastic anemia 
acute leukemias) are clinically characterized by ulcerative or gangrenous lesions in 
mouth and throat It is now established that such lesions are the result rather t . 
cause of the extreme neutropenia _ n v„A,n»ctive 

* Selling, L and Osgood E E Action of Benzol Roentgen Rays and KadiMcuvc 
Substances on the Blood and Blood Forming Tissues in Downey H 1 * 
Hematology Paul B Hoeber Inc New York 1938 vol IV pp 2693-2005 
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removal of the cause and restoration of bone marrow function, although trans- 
fusion may cause temporary benefit It is theoretically possible that this 
deficient function might be due to absence of a normal stimulus 

The only compensatory mechanism available to the body to combat decreased 
formation of red cells and hemoglobm is to prolong the life of those formed 
(decreased rate of destruction) The evidences of this are decrease in the 
icterus index below 2 Sj decrease in urobilinogen m the stools, and a greater 
tendency for it to be absent from the urme It is possible, but by no means 
certain, that poikilocytosis and microcytosis are evidences of abnormal length 
of life in erythrocytes As m aplastic anemia the same changes affect the 
neutrophils, it is to be expected that they also will show evidence of decreased 
rate of destruction (increased proportion of segmented forms with five or more 
nuclear subdivisions) 

(c) Destruction 0/ Bone Marrow (myelophthisic anemia) — -This is usually 
due to invasion by other tissue as in leukemias, myeloma, malignant tumors 
involving the marrow, osteosclerosis, and amyloidosis but may be due to exten- 
sive osteomyelitis Although there is often an absolute deficiency m marrow, 
there is a tendency for that near the lesion to be irritated to abnormal activity as 
evidenced by unusually immature red and white cells in the blood stream and for 
umnvolved marrow to be capable of compensatory hyperactivity Attempts at 
compensation by decreased blood destruction may also occur Hence, the 
characteristic findings are those of the causative disease plus immature and old 
cells of the erythrocyte senes and immature and old cells of the granulocyte 
senes, thus giving rise to a very bizarre blood picture The color, volume and 
saturation indexes are variable but most often within normal limits A low 
icterus index and decreased urobilinogen excretion are present when decreased 
red cell destruction occurs Removal of the cause is the only therapy likely to 
be of benefit 

2 Increased Rate of Red Cell Destruction within the Body — This may be 
due to extravasation of blood, to hemolysis, to destruction of red cells in the 
blood stream as m malana, to hyperactivity of the normal blood cell destroying 
mechanisms, to the production by the bone marrow of red cells with decreased 
resistance to the factors normally tending to destroy them, or to some abnormal- 
ity in another organ (spleen?) affecting the red cells m such a way as to decrease 
their resistance 

The evidences of increased rate of red cell destruction will be common to all 

If no other factor than increased blood destruction plays a part, there will be 
evidence of rapid regeneration of cells, because the remnants of the destroyed 
corpuscles and hemoglobm within the body insure the continuous presence of 
an excess of erythrocyte and hemoglobin-forming materials 1 Hence, one would 
expect to find m a purely internal blood destruction anemia, an increase m imma- 
ture cells of the erythrocyte senes and other evidences of increased bone marrow 
activity such as simple leukocytosis with increased proportion of immature forms 
and thrombocytosis 

Rapid regeneration of cells by the bone marrow is the compensatory mecha- 
nism in this group, and in uncomplicated cases, removal of the cause is the only 


* It is theoretically possible that interference with the transport mechanism w 
prevent these from being available at the point where they are needed 


lould 
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therapeutic measure indicated, for the body already contains an excess supply 
of blood-forming materials, from the destroyed cells 

It is further obvious that if regeneration keeps pace with cell destruction, a 
cause for anemia of this type can exist without the production of an actual anemia, 
but the evidence of rapid erythrocyte destruction and of rapid erythrocyte regen- 
eration will, nevertheless, be present 

3 Blood Loss from the Body —This includes all types of external hemor- 
rhage, as well as hemorrhages from the air passages and gastrointestinal tract, 
m which the blood leaves the body before destruction and reabsorption Here, 
evidences of blood destruction will he lacking, but as long as adequate supplies 
of blood-forming materials are available, evidences of rapid red cell regeneration 
will be present Therefore, the pictures for acute blood loss and chrome blood 
loss will be different 

(a) Acute Blood Loss — The deficiency m red cells and hemoglobin will not 
be apparent until increased plasma volume occurs Compensation is by rapid 
regeneration from existing stores, so the evidences of increased bone marrow 
activity including reticulocytosis, polychromatophiha, nucleated reds, 6imple 
leukocytosis, and thrombocytosis dominate the picture Cells of normal sue and 
hemoglobin content giving normal color, volume, and saturation indexes are 
formed as long as the supplies of stroma- and hemoglobin-budding materials are 
not exhausted Later, decreased color, volume, and saturation indexes may 
occur if the loss of blood was extreme, and decreased blood destruction with low 
icterus index, and poikilocytosis may occur as a compensatory factor, but these 
changes are never present in the first few days unless they were present before 
the hemorrhage 

(b) Chrome Blood Loss —Here, the exhaustion of the hemoglobin-budding 
(and probably also of stroma-building) material becomes the dominant factor, 
and this relative insufficiency gives rise to a picture identical with absolute iron 
deficiency Thus, evidences of compensatory decreased blood destruction and, 
to a less extent, of compensatory increased blood formation are both present, 
but the most characteristic change is a decrease m the color, volume, and satu- 
ration mdexes, particularly the latter Removal o* the cause and administration 
of iron are obviously both indicated Here, too, it is possible for regeneration to 
keep pace with loss and, when the total blood volume and the normal rate of 
regeneration are considered, it is evident that the total quantity of blood lost per 
day must be very considerable (actual amount unknown) to produce anemia, if 
no additional factors are present 


B Clinical Classification of Anemias 1 — Unfortunately, clinical 
anemias are usually due to a combination of the above mentioned 
fundamental causes, and are in many instances too inadequately studied 
1 Haden R L Clinical Significance of Volume and Hemoglobin Content of the Red 
Blood Cell Arch Int Med 49 1032-1057 (Tune) 193* « , , . _ 

Osgood E E Haskins H D and Trotman F E The Value 0 f Accurately Deter 
mined Color Volume and Saturation Indexes in Anemias Based on a Study of over 
Patients } Lab and Clin Med 17 859-886 (June) 193 2 „ . . , . 

Ottenberg R Reclassification of the Anemias J A hi A 100 1303-1311 l A P 

19 l ?Vmtrobe M hi Anemia Classification and Treatment on the Basis of Differences 
in the Average Volume and Hemoglobin Content of the Red Corpuscles Arch In 
54 256-280 (Aug) 1934 
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for one to be certain w hich of these factors play s the major role Where 
evidence is available, the fundamental factors present are suggested 
The attempt has been made to group them m such awaj as will most 
greatly facilitate clinical diagnosis and treatment After anemia has 
been proved to be present by a red cell count and hemoglobin estima 
tion, the type of anemia should be determined by color, volume and 
saturation index determinations The fundamental cause and associ 
ated condition should then be diagnosed The diagnosis of any anemia 
should consist of the type of anemia, the fundamental cause and the 
associated condition (for example, hypochromic microcytic anemia of 
iron deficiency due to chronic hemorrhage from carcinoma of the 
stomach, or normocy tic aplastic anemia of chronic benzol poisoning) 

The points of most differential diagnostic value ha\ e been indicated 
by italics 

C Macrocytic Anemias — The blood findings are similar in all 
macrocytic anemias to those described for pernicious anemia so only 
the points m the differential diagnosis from pernicious anemia will be 
given for the others Pernicious anemia is much the most common of 
the macrocy tic anemias The presence of macrocytic anemia consti 
tutes a specific indication for intramuscular administration of liver 
extract in adequate doses to produce a satisfactory rise in reticulocy tes, 
in red cell count, and to keep the red cell count abo\c 5 o million 

1 Pernicious Anemia —This is a disease of middle and later life 
characterized by pallor, weakness, sore tongue, gastrointestinal, 
neurologic and mental symptoms, and a tendency to remissions No 
pro\cd case has so far been permanently cured, but adequate intake of 
the antipermcious anemia principle will cause all the blood findings to 
revert to normal, with a corresponding improvement in the general 
condition of the patient If the special therap> is withdrawn, however, 
a relapse occurs The neurologic disturbances usually improve only 
slightly The diagnostic points listed below apply only to cases which 
have not had this treatment, as all findings, with the exception of the 
achlorhydria return to normal after adequate treatment 

The volume and color indexes arc high ranging usually between 1 2 
and 2 o 

Hit saturation index is normal This shows that the high color 
index is due to the increase in average volume of the red cell and not 
to an increase in the concentration of hemoglobin within the red cell 

The icterus index ranges from 6 to 20 It is highest during periods 
of rapid blood destruction The direct van den Bcrgh reaction is 
negative Urobilinogen is usually increased in the unne and stools 
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pernicious anemia principle after expulsion of the worm The diagnosis 
of macrocytic anemia due to Iner disease is based on the failure of 
response to antipermcious anemia principle and the presence of the 
physical signs and laboratory tests described which are characteristic 
of impaired liver function The marrow findings described under the 
heading of myelophthisic anemias will differentiate the anemias due to 
multiple myeloma and leukemia from pernicious anemia The macro 
cytic anemias of childhood offer no difficulty because pernicious anemia 
does not occur in children These diseases are discussed under anemia 
of childhood 

3 Differential Diagnosis of Pernicious Anemia from Hormo- 
cytic and Hypochromic Microcytic Anemias with Which It May 
Be Confused — In practice, other anemias are more often mistaken for 
pernicious anemia, although the blood findings if studied by accurate 
methods readily serve to make the differential diagnosis These are 
the anemias associated with carcinoma of the stomach, subacute bac 
tenal endocarditis, lead poisoning, myxedema, chronic malaria, or 
familial acholunc jaundice These all give color and volume indexes 
within the range of normal or lower if they are accurately determined 
and show other entena of differential value which are listed under the 
discussion of these anemias The) are often very difficult to distin 
guish from pernicious anemia by non laboratory methods 

D Hypochromic Microcytic Anemias 1 — These anemias could 
well be called hypoferric anemias as suggested by Alt In all of them, 
the blood picture is essentially the same The most characteristic 
feature is the low color, volume and saturation indexes with a corre 
spondmg small cell diameter and hypochromia observable in the stained 
smears The red cell count is often relatively high and may be normal 
It tends to be lower m the cases due to hemorrhage than m the other 
types of hypochromic microcytic anemias A few nucleated erythro 
c> tes and a slight increase in reticulocytes are not infrequently present 
PoiLilocytosis, amsocytosis, and polychromatophiha are usually present 
The white cell count and the platelet count are normal or slightly 
decreased There is no evidence of increased blood destruction The 

1 Bethell F H , Goldhamer, S M Isaacs R and Sturgis C C The Diagnosis and 
Treatment of the Iron Deficiency Anemias JAMA 103 797-802 (Sept 15) *934 
Davidson L S P , andLeitch I Nutritional Anaemias of Man and Animals Nutn 
tion Abstr & Rev 3 gor-930 {Apr ) ig 34 

howler \V M and Barer Adelaide P The Etiology and Treatment of Idiopathic 
Hypochromic Anemia Am J M Sc 194 625-633 (Nov ) 1937 

Fowler W M and Barer Adelaide P Iron Deficiency Anemias J A M A 1x2 
no-112 (Jan 14) 1939 

Heath C \V,andPatek A J Jr The Anemia of Iron Deficiency Medicine 16 
267-350 (Sept ) 1937 
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icterus index and urobilinogen excretion in the urine are either normal 
or decreased The sternal marrow shows an increase in metakaryo 
cytes (normoblasts) and karyocytes (pronormoblasts) but no increase 
in kary oblasts (megaloblasts) All anemias of this type respond 
with an increase in reticulocytes and a return to normal after adequate 
doses of iron (i to 3 grams of ferrous sulphate or 4 to 6 grams of ferric 
ammonium citrate per day) A low saturation index is a specific 
indication for administration of iron 

1 Chronic Hemorrhage — -This is the commonest cause of hypo 
chromic microcytic anemia Bleeding hemorrhoids and the various 
types of menorrhagia and metrorrhagia are the commoner causes of 
this picture in uncomplicated form A low saturation index should 
always lead one to search for chronic blood loss as the cause of an 
anemia, whether the source of the bleeding is immediately evident or 
not since it is obvious that the bleeding may have stopped when the 
patient is first seen Conversely, a saturation index abov e o 95 would 
be a point against chronic blood loss being the primary cause of the 
anemia, even when bleeding is present Hypochromic microcytic 
anemia is a common complication of malignant tumors or ulcerations 
of the gastrointestinal tract, even though the picture may be clouded 
by other causes of anemia (infection, toxemia, bone marrow metastases, 
etc) In the hemorrhagic diseases, an anemia of acute or chronic 
blood loss may be added to their typical syndromes Hypochromic 
microcytic anemia may result from any of the conditions listed as 
causing gross hematuria, gross blood in the feces or gross hemoptysis 

Carcinoma of the stomach and of the cecum are especially apt to 
have severe anemia as a dominant symptom, and may resemble perm 
cious anemia in clinical findings, in the achlorhydria and m the presence 
of many nucleated red cells The volume index easily differentiates 
them, however Hypochromic microcytic anemia with blood in the 
stool in middle aged persons without symptoms constitutes an mdica 
tion for thorough fluoroscopic examination of the cardia of the stomach 
and the cecum, since bleeding carcinoma in these areas may be present 
without producing other signs 

2 “Idiopathic” Hypochromic Microcytic Anemia 1 — This con 
dition is sometimes called simple achlorhydric anemia which is a better 
term but not as frequently used It occurs most commonly in women 
of middle age and is characterized clinically by the gradual onset of 
pallor, weakness, sore tongue, gastrointestinal disturbances, and often 

1 W introbe M M and Beebe R T Idiopathic Hypochromic Anemia Medicine 
12 187-M3 (May) i 933 
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menorrhagia Physical examination reveals atrophic glossitis, enlarge 
ment of the spleen, and spoonlike depressions of the finger nails 
Achlorhydria or hypochlorhydria occurs in most of the cases The term 
“idiopathic” is a misnomer because it has been shown 1 that the cause 
is deficient absorption of iron because of poor digestion of organic iron 
compounds Inadequate diets and bleeding are frequent contributory 
factors 


3 Chlorosis 1 or green sickness — This is a disease of adolescent girls, formerly 
common, but now very rare Recovery is rapid after the administration of iron 

4 Nutritional Anemias 3 — -The commoner types are infants kept too long on 
an exclusive milk diet (deficient iron intake), the anemia of premature infants 4 
(exhaustion of inadequate iron store in the liver before the usual time of change 
to non milk diet), and the anemias that develop m persons on very restricted diets 
(esophageal stenosis food fads etc ) The anemias of diaphragmatic hernia and 
thoracic stomach are probably due to a combination of dietary restnction poor 
digestion and absorption, and blood loss The common hypochromic microcytic 
anemia of pregnancy is due to a relatively deficient iron intake for the needs of both 
mother and fetus 


E Normocytic Anemias — i Anemias Due to Infection — A large 
proportion of clinical anemias fall in this group They are often grouped 
under the term hemolytic anemias, but it is \ery doubtful whether 
hemolysis plays the major role in most of them Relatively few can be 
diagnosed by laboratory measures, alone Depression of bone marrow 
function and blood destruction within the body occur in most cases in 
varying proportions The former usually predominates, but more study 
with the object of determining these factors is indicated 

The anemia is normocytic The blood picture suggests decreased 
blood formation and increased destruction in varying degrees Reticu 
locytes are usually normal or low, as is the icterus index 5 The white 
cell count is that characteristic of the cause of the anemia Only 
diagnostically significant variations from the above picture will be 
mentioned Infections with the hemolytic orgamsms or idiosyncrasy 
to sulfanilamide may give normocytic anemia of the internal blood 
destruction type Infections comphcated by chronic hemorrhage or 
inadequate iron intake may give a hypochromic microcytic anemia 


1 Mettier S R Kellogg F and Rinehart J F Chrome Idiopathic Hypochromic 
Anemia Am J Med Sci i86 694-704 (Nov ) 1933 

* Patek A J , Jr , and Heath C W Chlorosis JAMA 106 1463-1466 (Apr 

25 * X Mmot G R The Anemias of Nutritional Deficiency Etiology Diagnosis, Treatment 
and Prevention JAMA 10c 1176-1179 (Oct 12) I93S . _ , _ . * 

• Merntt Katherine K and Davidson L T The Blood During the First Year ol 
Life II The Anemia of Prematurity Am J Dis Child 47 261-301 (Feb j 1934 

‘Douglas A H and Tannenbaum H The Mechanism of Secondary Anemia Aren 
Int Med 45 248-256 (Feb ) 1930 
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Ihe important subdivisions follow 

(a) Acute and Subacute Injections — In the majority of acute infec- 
tious diseases, a moderate anemia develops late It is most marked 
in smallpox (myelophthisic blood picture), in acute rheumatic fever, 
and in the diseases in which a hemorrhagic factor is added (typhoid 
dvsentery, and ulcerative colitis) Bacteremias of all types, especially 
streptococcus bacteremias, produce a severe anemia in which the 
internal blood destruction picture may predominate In prolonged 
fever associated with normocytic anemia for which no cause is apparent, 
subacute bacterial endocarditis, other alpha hemoljtic streptococ 
cus (viridans) infections or Hodgkin’s disease often prove to be the 
explanation 

Focal infections in the sinuses or gall bladder are particularly apt to 
be associated with anemia The hemolytic picture predominates in 
some of these infections 

(b) Chronic Infections — Chrome focal infection or accumulations 
of pus (abscesses, emp>ema, etc) are extremely common causes of 
anemia S>phihs and tuberculosis ma> cause extreme anemia or, more 
often none at all Anemia is seldom marked in tuberculosis 1 not 
complicated b> secondary infection or hemorrhage, but whether the 
secondary infection, the tuberculosis itself or absorbed products of 
tissue destruction is the chief etiologic factor in the anemias which do 
occur is disputed 

(c) Acute and Subacute Glomerular and Chronic Diffuse Nephritis 2 * * * * * — 
This group is mentioned separately to call attention to the diagnostic 
and prognostic value of the anemia (decreased marrow function t> pe 8 ) 
which is constantly present (absent in nephrosis and most cases of 
hvpertensive cardiovascular renal disease) and tends to increase and 
decrease with the severity of the renal impairment The hematuria is 
shown not to be a factor in the anemia b> the normal indexes and 
the small amount of the daily blood loss 

In normocytic anemias due to infection removal of the cause and 
blood transfusion are the only therapj of value If chronic hemorrhage 
or dietary deficiencj is associated and the anemia is of the hypochromic 
microcytic t>pe iron wall be of value 

1 Braverman M M The Anaemia of Pulmonary Tuberculosis Am Rev Tuberc 

38 466-490 (Oct ) 1938 

’Brown G E and Roth G M Anemia of Chronic Nephritis Arch lot Med 

30 817-840 (Dec) iqij 

Nordenson N G The Bone Marrow in the Anemia of Chrome Nephritis Folia 

Haemat $9 193S 

» Notwithstanding the evidences of hypofunction of the marrow seen in the blood the 

sternal marrow shows an excess of nucleated erythrocytes 
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2 Internal Blood Destruction —(a) Internal Hemorrhage— The 
physical findings in the acute cases are those of shock plus localizing signs 
from the site of the hemorrhage In the early stages the diagnosis must 
be established by clinical findings The icterus index will be increased 
within 4 to 24 hours and this sometimes occurs in hemorrhages high m 
the gastrointestinal tract Do not judge the extent of the hemorrhage 
by the red cell count or hemoglobin until 12 to 48 hours after it has ceased 
The commonest causes of acute internal hemorrhage large enough to 
result in anemia are peptic ulcer, ruptured ectopic pregnancy, varicosities 
in the esophagus or stomach (portal obstruction), and results of operation 
or trauma (wounds, ruptured viscera, etc ) Laboratory tests are of 
chief value in noting the progress of recovery Other causes of internal 
hemorrhage which may give rise to an increased icterus index and m 
creased urobilinogen excretion but rarely cause anemia are intracranial 
hemorrhage, hemorrhagic infarction, and dissecting aneurysm 

(b) Parasitic Diseases — Malaria, Leishmaniasis and infestation 
with the intestinal parasites are the most important members of this 
group In these, the excessive internal blood destruction picture domi 
nates and bone marrow function is less depressed, although leukopenia 
is common Anemia is seldom absent in malaria, but is present m 
only a fraction of patients infested with intestinal parasites In hook 
worm infestations and amebic dysentery , hypochromic microcytic ane 
mia of blood loss occurs The regenerative evidence m the blood ma> 
cause these anemias to be mistaken for pernicious anemia, if accurate 
volume indexes are not determined The diagnosis is established by 
finding the parasites and noting the course of the anemia after eradica 
tion of the cause The treatment is specific therapy for the particular 
parasite with blood transfusions if the anemia is severe, and administra 
tion of iron only if hypochromic microcytic anemia is present 

(c) Poisons Lead, mercury, sulfanilamide, ^henylhjdrazine snake 
venom, and many other poisons are included in this group In It ad 1 2 * 4 
and mercur} poisoning, basophilic stippling is usually demonstrtble 
Internal destruction of red cells with active marrow regeneration is 
evident from the tendency to increased icterus index and urobihno 
genuna, the high reticulocyte counts, and often enormous numbers of 
nucleated red cells, including karyoblasts (megalo blasts), m the blood 
stream The red cell count is seldom below 3 million 

1 Wood, W B Anemia during Sulfanilamide Therapy JAMA in 191&-1919 

(Nov 19) 1038 

* Aub J C FairhaU L T Minot A S andRezmkoff P Lead Poisoning Medicine 

4 1-250 (Feb May) 1925 
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Phenylhydrazine poisoning gives an extreme internal blood dcstruc 
tion picture, with high icterus index and urobihnogcnuna, with no 
depressant and apparently even a stimulating effect on the marrow 
Simple leukocjtosis is the rule and reticulocytes, nucleated red cells, 
and immature leukocytes arc usually increased in the blood It is of 
importance because used in the treatment of polyc) themia vera 

Certain snake venoms result in extreme hemolysis with hcmoglo 
binuna and no interference with regeneration if the patient survives 
The treatment is removal from exposure to the responsible poison 
and specific therapy for the particular tjpe of poisoning Transfu 
sions ma> be necessary in the more severe cases Iron and liver are 
of no value 

(d) Hemolytic Icterus (acholuric jaundice) — A familial and an acquired form 
are described Both arc rare It is probable that the acquired form is only a less 
marked degree of the same disturbance as in the familial form 

Familial hemolytic icterus is characterized by the early onset (before 10, usually 
very soon after birth) of slight to marked icterus enlargement of the spleen, and 
moderate anemia 

The color volume and saturation indexes are normal The icterus index is high 
(10 to 100) The direct van den Bergh test is negative and bilirubin is ab«ent from 
the unne unless obstructive jaundice is superimposed from a gallstone in the com 
mon duct as not infrequently occurs Urobilinogen is greatly increased in the urtne 
and stools except during a gallstone obstruction 

N eutrophllia with thrombocytosis and evidence of extremely rapid red cell regenera 
lion dominate the blood picture Reticulocytes are usually over 10 per cent, .ome 
times over 40 per cent Pol) chromatophilia and nucleated red cells are numerous 
Kar>oblasts (megaloblasts) are sometimes found Notwithstanding the normal 
volume index microcytosis is evident in the stained smear shoving that the cells 
tend toward the spherical form 

The meat, chavactecvstic feature without v hveh the diagnosis may be in doubt 
is a decreased resistance of the red cells to Iaking by hypotonic salt solution as demon 
strated by the fragility test Thu test will differentiate it from all other conditions 
Notwithstanding these changes the patients seem to feel comparatively veil 
There is a definite tendency to reru-sions and exacerbations They often live well 
into adult life without treatment 

The ' acquired form differs only in a less ob .nous familial incidence, a terdency 
to become manifest fir*t in adult life, a greater contrast between the remi. ions and 
exacerbations and the fact that often only red cells which have been washed free 
from plasma by repeated centnfLgation after su_pen_ion m normal sabre how the 
typical increased fragility Thu is le*s marked during remi_ ions ard at times 
iW"t entirely 

The ca-se of the anemia in hemolytic icterus seems to be purely exce* ivc food 
dm ruction with ro i-'o-inrent of Whether the exce* :ve de«tn.c 

tion is d-e to the action of a no Vothebal system or abnormallv 

fragile cells or whether the food ~*ls „ hypenretive o Loth 



216 


LABORATORY DIAGNOSIS 


is uncertain * The benefit of splenectomy 13 compatible with either hypothesis 
It is noteworthy that the increased fragility and spherical cell form persist after 
removal of the spleen Splenectomy during a remission produces clinical cure but 
is not necessary in the mildest cases If one patient with the disease is found other 
members of the famil> should be examined 

(e) Sichle Cell Anemia 2 — Sicklemia is an abnormality of the red 
cells which appears to be inherited as a Mcndelian dominant and with 
rare exceptions, is confined to the negro race It has been described on 
page 191 and is present in 5 to 10 per cent of all negroes but normocytic 
anemia is associated in only a small percentage of those with the 
sickling phenomenon 

The icterus index is increased (6 to 30) as is urobilinogen excretion 
The red cell count and hemoglobin are usually moderately decreased, 
but counts below 1 5 million are reported 

The white blood cells are usually increased (10,000 to 20,000) 

The characteristic feature is the tendency for the red cells to assume 
a crescentic shape with both ends pointed This occurs in dry smears but 
is most marked in moist covershp preparations which have been allowed 
to stand a few hours (Fig 6) Evidences of both increased erythropoiesis 
and red cell destruction arepresent Nucleated red cells are often found 
The reason for the increased rate of red cell destruction is unknown * 
It is possible that these peculiarly shaped cells are less resistant to 
destruction within the body although they are not less resistant to 
destruction by hypotonic saline in the fragility test 

It must be differentiated from the tendency to formation of elliptical 
or oval cells which may occur in either the white or black race, and 
does not constitute, alone, a cause for anemia (Fig 5) 

(f) Hemoglobinuria and Hemoglobinemia 4 — In all the conditions listed on 
page 22 as causes of hemoglobinuria, anemia of the internal blood destruction 
type may occur In the milder cases anemia may occur without gross hemoglo 
brauna and the diagnosis is established by identification of hemoglobin in serum 
obtained with special precautions to prevent hemolysis 


*Hahn E V ^Siclde Cell (Drepanocytic) Anemia Am J Med Sc, 175 206-217 
(Feb Huck 28 J G Sickle Cell Anemia BuU Johns Hopkins Hosp 34 33S~344 (Oct) 

I923 Diggs L \V The Erythrocyte in Sickle Cell Anemia JAMA 112 695-70° 
(Feb 25) 1939 

‘Hamburger 6 L p 9 and Bernstein A Chrome Hemolytic Anemia with Paroxysmal 
Nocturnal Hemoglobinuria Am J M Sc 192 301-316 (^pt) 193° RI b J 

Scott R B Robb Smith A H T.andScowen E F The Mucbntatn * » 

Syndrome of Nocturnal Haemoglobmuna with Hemolytic Anemia U J 
95-”4 (Jan ) 1938 



DISORDERS OF THE ERYTHROPOIETIC SYSTEM 


217 


(g) Lederer s Acute Febrile Hemolytic Anemia 1 — This is characterized by sudden 
onset of fever and rapidly progressive anemia often with hemoglobmemia and 
hemoglobinuria The etiology is unknown Recover> occurs if a sufficient 
number of blood transfusions can be given to maintain life over a period of a few 
weeks 


The treatment for the other anemias associated with hemoglobinuria is prev en 
tion of exposure to cold treatment of syphilis m paroxysmal hemoglobinuria 
avoidance of the allergin in favism, and removal from the causative agent and 
transfusions if the anemia is severe m the others 

3 Myelophthisic Anemias — The characteristic laboratory findings for this 
group hav e been described (p 20^) The diagnosis is based on the bizarre blood 
picture and clinical evidence of bone marrow inv olvement The diseases m which 
this blood picture predominates are leukemias and multiple myeloma It may 
predominate in osteomy ebtis and in metastatic tumors of bones including sarcoma 
carcinoma hvpemephroma lymphosarcoma and Hodgkin s disease The presence 
of this blood picture should alway s cause one to think of bone manow inv olv ement 
and except in leukemias in which the diagnosis is obvious from the blood study is 
an indication for examination of the sternal marrow and for roentgenographic 
study of the bones Osteosclerosis* is a rare disease which sometimes gives this 
picture in the early stages and the picture of aplastic anemia in the end stages 
The roentgenographic findings of dense opaque bone establish the diagnosis if 
osteoplastic metastasis and Paget s disease are excluded Multiple my eloma is 
recognized by the increased plasmacytes in the marrow Bence Jones protein m 
the urine and punched out areas in the bones 

In rare instances of myelophthisic anemia the color and volume mdexes may be 
high in which case differentiation from penuaous anemia may be difficult untD 
the sternal marrow has been examined The saturation index may be low if chrome 
hemorrhage co-exists 

4 Anemias Associated with Splenomegaly * — This is unquestionably a miscel 
laneous group but the large spleen is the chief clinical sign and the error of group- 
ing them together under the term splenic anemia is not rare Therefore, their 
differential diagnosis is discussed here They all hav e m common a v anable degree 
of normocvtic anemia leukopenia and thrombopema and an enlargement of the 
spleen of moderate to great degree with moderate amsocytosia poikilocytosis and 
increase in the immature red cells 

(a) BantVs disease* (rare) — This usually begins at about xo to 25 years of age 
runs its course m 2 to 10 years and is rarely seen after 3^ It is characterized by 
anemia with simple leukopenia and moderate thrombopema followed by hemorrhages 
from tances in the stomach and esophagus cirrhosis of the Irer, and finally ascites 
(transudate in character) The anemia is moderate in seventy until after the 


Acute Hemolytic Anemia (Lederer Type) Am 


* C lordano A S and Blum L L 
J M Sc 194 311-316 (Sept) 1937 

•Lamb F II and Jackson R L. O teopetxosis (Marble Bone Disease! Am T 
Clin Path S *55-271 (May) 193S 

* MacCarty \\ C Chrome Splenomegaly Yrch. Int Med 41 5 16-547 (April) 1028 
McMichael J Splenic A nae mu Edinburgh M J 4 97-1.6 (June) ,935 

4 Howells L Treatment of Splenic Anaemia and Banti s Syndrome Lancet 1 1 
13*4 (June 11) 1938 J 
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hemorrhages begin, when it may become extreme or fatal If the hemorrhages are 
allowed to continue, low saturation, volume, and color indexes result AU the 
laboratory changes characteristic of Laennec’s cirrhosis occur in the later stages 
Of these, the increased urobihnogenuna is the most important The lymph nodes 
are not enlarged which differentiates it from Hodgkin’s disease and aleukemic 
leukemias In the early stages it is differentiated from familial acholunc jaundice 
by the leukopenia, low icterus index, normal or increased resistance of the red cells 
to laking by hypotonic saline, and normal average size of the red cells 

In the later stages, it is differentiated from familial cirrhosis of the liver 1 by 
the earlier age incidence, familial occurrence, more rapid course, and the earlier 
development of li\er changes and ascites in the latter The blood findings are the 
same 

Primary tuberculosis of the spleen 1 and schistosomiasis involving the spleen 
may give a laboratory and clinical picture indistinguishable from. Banti s disease 

Portal thrombosis or thrombosis of the splenic vein give pictures almost identical 
with B anti's disease, but changes in the liver are not demonstrable, the history 
of a cause for thrombosis may be ehatable, and they may occur at any age Most 
cases reported as simple or idiopathic splenomegaly belong in this group 

Banti s disease is differentiated from Laennec’s cirrhosis by the earlier age 
incidence and the onset of splenic enlargement and anemia long preceding the 
evidences of cirrhosis The blood picture in Laennec’s cirrhosis is very similar to 
that of the later stages of Banti s disease 

(b) Cxrf hoses of the Liter —Laennec’s cirrhosis is the commonest cause of the 
blood picture described for Banti’s disease and a similar blood picture may occur m 
any form of cirrhosis producing portal hypertension However, the physical and 
laboratory signs of cirrhosis of the liver precede the onset of the anemia 

(c) Lipoid IUstiocyloses — (i) Gaucher’s disease* (rare) The blood findings are 
identical with those of early Banti s disease, but the anemia is usually less marked 
It differs in the earlier and later age incidence (2 to 40), longer course (20 years) 
the greater enlargement of the spleen, the presence of characteristic uedge shaped 
elevations of the conjunctiva near the cornea , and of bone changes which are radio 
graphically demonstrable Hemorrhages are less apt to occur and ascites is absent 
throughout, although the liver is usually enlarged 

It seems to be a congenital abnormality of lipoid metabolism which results in 
the loading of all cells of the reticulo endothelial system with finely divided lipoid 
droplets 

(2) Niemann Pick’s Disease This is extremely rare and is differentiated by 
the early age incidence (under 4), rapid course (rarely over 2 years), and enormous 
enlargement of Uver and spleen The blood changes are simitar In both the 
diagnosis can be established definitely by finding the characteristic foam cells m 
material obtained by sternal or splenic puncture 


1 Gunn Francis D Familial Juvenile Cirrhosis of the Liver Arch Path and Lab 
Med Bndgeman 1 an^Robertson "T D Tanubal Juvenile Cirrhosis of the Liver 

Am * Price 5 and Ta rdi ne 6 Primary Tuberculosis of the Spleen Its Clinical 

Resemblance to Banti s Disease Ann Int Med 4 iS74" I So3 (June) 1931 

* Welt Sara Rosenthal N and Oppenheimer B S Gaucher s Splenomegaly J 
M A Q2 637-644 (Feb 23) 1929 
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(3) Xanthomatosis or Hand Schuller Christian Disease This may giv e either 
a normocytic anemia of the splenomegahc type or of the m> elophthisic t> pe The 
disease is characterized b> large defects in the hones exophthalmos, and the syn 
drome of diabetes insipidus The spleen is enlarged and sternal or splenic puncture 
may reveal foam cells 1 The disease is due to infiltration of cells of the monoc> te 
senes with cholesterol esters 

(d) Hodgkin j Disease and Lymphosarcoma (lymphoblastoma 1 ) — These two 
conditions are so closely related that they can best be discussed together Both 
affect all ages and both sexes but Hodgkin s disease is commoner in young adults 
(15 to 35) and 1 > mphosarcoma in the middle aged (3s to 60) Both are character 
lzed by localized enlargement of lymphatic tissue which later becomes more general 
lzed Moderate enlargement of the spleen usually occurs The blood findings 
are extremely variable and not diagnostic Moderate to marked anemia with 
normal indexes simple leukocytosis with evidences of somewhat increased ery 
thropoiesis and red cell destruction, are most common, but leukopenia or leukemoid 
(rare and then only terminally in lymphosarcoma) pictures may occur and lympho 
cytosis monocy tosis or eosinophiha are common Gordon observed that intra 
cerebral inoculation of ground lymph nodes from Hodgkin’s disease produced 
encephalitis in animals but this has been proved to be a test for eosinophils 1 rather 
than a specific test for Hodgkin’s disease 

Lymphosarcoma has a tendency to more invasive growth and a more rapid 
course Differentiation can be made with certainty only by removal of a lymph 
node for biopsy The relatively normal sternal marrow will differentiate these 
diseases from leukemias which they clinically resemble 

The anemia is due in part to invasion of the marrow as in myelophthisic anemias 
and in part to splenomegaly but unknown factors apparently are the major cause 
of anemia in this group Deep roentgen therapy will relieve pressure symptoms 
from enlarged ljmph nodes and spleen but the diseases are 100 per cent fatal with 
our present knowledge 


Other causes of anemia often associated with moderate or extreme splenomegaly 
are malaria syphilis, subacute bacterial endocarditis, Felly s syndrome 4 the 
leukemias, and kala azar These do not belong to this group and are usually easily 
differentiated if considered 

S Endocrine Hypofunction — Myxedema is usually associated with a moderate 
to severe anemia with normal indexes and may give a regenerative blood picture 
simulating that of pernicious anemia Pernicious anemia and myxedema may 
occur in the same patient Anemia occurs in Addison s disease but is the excep 
tion rather than the rule The mechanism of the production of anemia is unknow n 
More study of such cases and of polycythemia rubra vera may aid in the determina 


1 Erf L A Studies of Gaucher Cells by the Supravital Technique Am J M Sc roe 
144-150 (Feb ) 1938 

1 Minot G R and Isaacs R Lymphoblastoma (Malignant lymphoma) JAMA 
86 1185-1189 and 1265-1270 (April 17 and 24) 1926 ’ 

Roth Grace M and Catkins C II The Leukocyte Picture in Hodgkin s Disease 
Ann Int Med 9 1365-1372 (Apr) 1936 

•Turner J C Jackson H Jr and Parker F Jr The Etiologic Relation of the Eosmo 
phil to the Gordon Phenomenon In Hodgkin 3 Disease Am J M Sc J95 27-32 (Jan ) 
1938 

4 Price A E and Schoenfeld J B Felty s Syndrome Report of a Case with Complete 
Postmortem Findings Ann Int Med 7 1230-1239 (Apr ) 1934 
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tion of what constitutes the regulatory mechanism for the level of the erythrocytes 
m the blood 

6 Malignant Tumors — Anemia is usually absent in the malignant 
tumors which do not bleed and do not involve the bone marrow, and 
may be absent at death Hence, anemia in patients who have malig 
nant tumors should suggest one of these two complications 

The mechanism of the production of such anemias as do occur is 
insufficient!} studied, but is probably related to both blood destruc 
tion and marrow inhibition by toxic absorption products of necrosis 
and secondary infection 

Hypochromic microcy tic anemia is the commonest form and results 
from chronic hemorrhage and deficient absorption of iron due to achlor 
hydria, poor appetite or vomiting Normocytic anemias occur in 
those tumors which metastasize to bones or are secondarily infected 

7 Aplastic Anemias 1 — The idiopathic form is a rare disease of 
young adults which progresses without remission to a fatal termination 
A tendency to hemorrhages into the shin and from the mucous mem 
branes usual 1} dominates the clinical picture Hence, it must be differ 
entiated from aleukemic leukemia and idiopathic purpura hemorrhagica 

The icterus index is low (rarely normal or elevated due to absorp 
tion of internal hemorrhages) Urobilinogen is decreased in the stools 
and urine (except during absorption of hemorrhages) 

The red cell count and hemoglobin progressive!} and rapidly decrease 

Granulopenia is constant and often extreme Lymphocytes are 
relativel} increased but absolutely decreased Cells of the granuIoc}te 
series are few or absent and old forms are relativel} increased 

In the stained smear, the erythrocytes appear normal or show 
poikiloc} tosis onl} Pol} chiomatophiha, basophilic stippling, and 
nucleated red cells are not found 

Reticulocytes arc decreased or absent 

Nucleated cells are scarce or absent i« the sternal marrow and those 
remaining are chiefly lymphocytes The total nucleated cell count is 
usually less than 6 ,ooo 

The platelet count is greatly decreased and hemorrhagic symptoms 
are the rule The bleeding time is markedly prolonged and the clo 
time may be increased Clot retraction is delayed or absent 

The diagnosis should not be made i bsence of leukopen 
thrombopenia, nor if reticulocy tes, pol lhc cells, ornucl 

red cells are found The aplastic an excessive roent 

1 Rhoads C P and Miller D K Histology 
ch Path 26 648-663 (Sept) 1938 
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therapy, to exposure to radio active substances, external, or internal as 
m the occupational poisoning of workers with luminous paint, or to 
poisoning with benzol, organic arsemcals, or other benzol ring drugs 
differ only in having a determinable cause, and in recovery if that 
cause is removed sufficient!} early 

Most of the patients with a blood picture of aplastic anemia prove 
on examination of sternal marrow to have aleukemic leukemias It is 
possible that the so called “idiopathic” form is the end stage of an 
aleukemic lymphocytic leukemia since cases have been reported and I 
have seen one case in which marrow studies were typical of acute 
lymphoc}tic leukemia at one time and later of aplastic anemia At 
necropsy no evidence of leukemic infiltration in any organ was found 
and the marrow was typically aplastic Some have used the term 
aplastic anemia for any anemia which presents the blood picture 
described irrespective of the marrow picture, but it seems wiser to 
limit the term to that group of cases in which the marrow is trul> 
aplastic 


F Anemias of Infancy and Childhood 1 — There are certain forms of anemia 
that need to be considered only m children Most of the anemias described above 
as they occur in adults with the exception of pernicious anemia may develop in 
children but produce somewhat different blood pictures than they do in adults 
A condition known as von Jakschs anemia or pseudoleukemia infantum is 
usually included in this group The criteria given are enlarged spleen w ith anemia 
and leukocytosis, often of high degree The blood picture shows an unusual num 
ber of nucleated red cells including kar> oblasts (megaloblasts) and other evidence of 
rapid red cell formation The differential white cell count is variable either 
lymphocytosis or neutrophilia occurring with a considerable increase in immature 
leukocytes It may simulate leukemia or pernicious anemia It is undoubtedly 
not an entity but rather represents the reaction of the infantile hematopoietic 
system to any sev ere cause of anemia of the blood destruction or blood loss type It 
is rare after three years of age The common causes of this syndrome are rachitis 
(associated infection rather than the vitamin deficiency per se) congenital syphilis 
and other infections 

t Erythroleukoblastosis* (erythroblastosis) — This was formerly called icterus 
gravis neonatorum or universal edema of the new bom Many of these cases were 
probably included under the term von Jaksch s anemia The disease is character 
lzed by evidences of an extremely rapid rate of cell formation and an extremely 
rapid rate of red cell destruction Nucleated erythrocy tes may be more numerous 
m the blood than in any other disease Immature leukocytes are also frequently 
seen The icterus index is high and urobilinogen excretion is increased It is 


* J? sepb i ® " Anaemia of Infancy and Early Childhood Medicine 15 307-451 
foept ) 193° 

* Diamond L K Blackfan K. D and Baty J M Erythroblastosis Fetalis and its 
Association with Universal Edema of the Fetus Icterus Gravis Neonatorum and Anemia of 
the Newborn J Ped 1 269-309 (Sept ) 1932 
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few years of life Positive serologic tests for syphilis m mother or infant and 
stigmata of congenital syphilis establish the diagnosis Many recover with prompt 
adequate antis>philitic treatment 

4 Goat’s Milk Anemia. — Infants or children who have been kept for some 
period of time cm an exclusive diet of goat’s milk develop a macrocytic anemia with 
a blood picture similar to that described for pernicious anemia The diagnosis is 
easy from the history and blood examination The therapy is administration of 
anttpemicious anemia principle and a diet suitable to the infant s age 

5 Hypochromic Microcytic Anemia — This is usually due to keeping the infant 
too long on an exclusive milk diet or to failure to give extra iron to a premature 
infant Most of the storage of iron in the liver occurs m the last month of fetal 
life and premature infants require added iron dunng the penod of milk feeding to 
prevent development of such an anemia 

6 Normocytic Anemias —Any of the norroocytic anemias may occur but the 
commonest are those due to infection, the myelophthisic anemias and the spleno 
megalic anemias The treatment is the same as that described for adults, but the 
diflerential diagnosis from leukemia may offer more difficulty because in young 
children a greater number of immature leukocytes may be present in the blood or 
marrow as a response to infection or marrow invasion than in the same conditions 
in adults All of the conditions must be excluded before it is safe to make a 
diagnosis of leukemia in an infant under 3 years of age unless great numbers of 
blast cells are found in the blood or marrow or the total nucleated cell count in the 
blood is over 100 000 per c mm 


M TOTAL PLASMA AND BLOOD VOLUME DETERMINATION 1 
This procedure is not used much as yet in diagnosis but it is of considerable 
importance m many lines of research and knowledge of the various volume states 
characteristic of the different conditions aids materially in interpreting other 
clinical and laboratory data It should be done in all cases in which the diagnosis 
of polycythemia vera is considered It should be determined under basal condi 
tions (see page 103 for directions to patient) 

A formats — These may be expressed m cc per kilogram of body weight or in 
cc per square meter of body surface The latter is probably more reliable in adults 
the former in children 


In adults of both sexes the plasma volume ranges from 43 to 65 cc (average 
St cc ) per kilogram of body weight or from 1600 to 2230 cc. (average 1900 cc ) per 
square meter of body surface In newborn infants the plasma v olume per kilogram 
of body weight is the same as in adults but it averages about 10 cc per kilogram 
higher in infants from 12 day's to 10 months of age (range 38 to 72 cc ) The values 
have returned to the adult standard by four years of age Expressed in terms of 
square meters of body surface, however the values are distinctly lower for infants 
(7 So cc at birth, 1 100 cc at one year) and for children (increase to 1375 cc bv the 
twelfth year) than for adults 

for total blood volume in adults the figures are 72 cc to 103 cc (average $S cc ) 
per kilogram of body weight or 2700 cc to 4=00 cc (average 3300 cc ) per square 


‘ Rownlree I„ T Brown C F and Roth Trace E- The Volume of the Blood and 
( Ulna In Health and Ducaie Pp Jio W B Saunden Company Philadelphia ioso 

I> , C 7-, Sou T ,e 11 c and Bockmn J t Blood Volume In Normal Infant* 

and Children J Cun Inveit 5 (Itbruary) 191B 
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meter of body surface The results tend to be about 5 per cent higher m men than 
m women, because of the greater volume of red cells The total blood volume is 
105 to 195 cc (average 150 cc) per kilogram in the newborn (the higher value is 
due to the large number of red cells) The figures are 70 to 1 25 cc (average 100 cc ) 
per kilogram in infants from 15 days to one year of age In older children the 
values range from 65 to 105 cc (average 80 cc ) per kilogram of body weight Per 
square meter of body surface m children over one year of age the figures are 1400 
cc to 2500 cc (average 1900 cc ), tending to be a little lower in the earlier age 
groups and higher in the older children The total volume of circulating blood is 
thus about 400 cc at birth, 300 cc at 1 month 400 cc at 6 months 700 cc at 1 
year, 1000 cc at 2 years, 1500 cc at 6 years, and 2000 cc at 10 years In women 
the average is about 5000 cc (range 4000 cc to 6000 cc ) and in men the average 
is about 6000 cc (range 4500 cc to 7500 cc ) 

B Increased Blood Volume — 1 Polycythemia Vera — This is by far the most 
important cause of alterations in blood volume The total volume is very seldom 
within normal limits and is often twice the normal value and sometimes even 
higher It is at times increased when the red cell count and hemoglobin percentage 
are within normal limits Hence it is of definite diagnostic value Both plasma 
and cell volume are increased but as a rule the increase in the latter is proportion 
ately greater 

2 Other Causes — In leukemias, especially the granuloc>tic (myelogenous) 
type in secondary erjthrocy loses, and in the later months of pregnancy, values 
average higher than in normals, but only a few of the results are above the 
upper limits of normal variation Plasma volume is chiefly affected in leukemia 
and pregnanc>, cell volume in the erythrocytoses Plasma volume is above 
the normal average but near the upper limits of the normal range in all types of 
splenomegaly 

In hypertensive cardiovascular renal disease the blood volume is within normal 
limits and tends to be low rather than high 

C Decreased Blood Volume — 1 Acute Hemorrhage and Shock — Decreased 
blood volume may reach a high grade but the volume determinations are not 
necessary for the diagnosis The knowledge that this decreased volume occurs 
furnishes a definite indication for therapy and explains why the red cell count and 
hemoglobin do not correctly indicate the degree of anemia in the first 24 to 48 hours 
after an acute hemorrhage 

2 Myxedema — The average plasma and total blood volume are near the 
lower limits of normal Some anemia is usually present which is more marked than 
the red cell counts or hemoglobin estimations w ould suggest 

3 Anemias — In all types of anemias except those associated with spleno 
megaly and with glomerular or diffuse nephritis there is a tendency for the total 
blood volume to be slightly below and the plasma volume to be above the average 
normal The degree of increase in plasma volume is greater the greater the degree 
of red cell deficiency and is probably compensatory in an effort of the bod> to 
maintain a normal blood volume 

4 Glomerulonephritis and Chronic Diffuse N ephntis with Edema The plasma 
volumes are normal and the red cells decreased resulting in a slight decrease in 
total blood volume which is seldom outside normal limits Oth ef types of edema 
(nephroses cardiac edema) show values for total blood and plasma volume whic 
are within normal limits but which average slightly higher than in normals 
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5 Obesity —In the ol>e<e the values are normil in term* of bod* surface hut 
low per kilogram of bodv weight 

6 Dehydration.— This may occur from rran\ cau«e* including vomiting 
diarrhea excessive sweating fluid deprivation ard severe burn* The «!ccrra« 
may be extreme and affects chicflv *1 c plasna volume 

MI DIFFERENTIAL DIAGNOSIS OF POLYCYTHEMIAS* 

OR ERVTHROCYTOSES 

The c«cntial feature of thoc conditions is an increase above the 
normal limits in reel cells or hemoglobin In adults and children over 
3 months of age a count over 7 o million for males and o\ tr 6 5 million 
for females would strongh suggest one of these conditions Polv 
C) thcmia mi) l»c simulated b\ dchvdration {decreased plasma volume), 
as after severe bums shock, vomiting, dnrrhca, or prolonged absti 
ncncc from fluids Thus high counts are common in patients with 
dvsentcrv or cholera In thoc eases the fact that the blood is more 
concentrated than normal is the significant point since, there, is no 
increase of the total number of red cells in the bodv On the other 
hand, it mav be masked bv increased plasma volume lienee, when 
this diagnosis is suspected even though counts within the upper limits 
of normal are found a blood volume determination is indicated 


\ Polycythemia Rubra l era , 1 V cque. s or Osier s Disease This 11 a clinical 
entity of unknown etiology characterized by a reddish evanosis enlargement of the 
spleen, increased total blood volume and a marled crvthrocy tosis usually associ 
ated also with a simple leulocvtc is and a thrombocvtosis Ret! cell counts as 
high as 160 million per cubic millimeter have been rejHirtcd but seem open to 
question since the cells would have to be very snail to have any fluid present with 
them The hemoglobin and cell volume arc not increased to the same degree as 
the red cell count hence the color and volume indexes tend to be low but thesatura 
lion index is normal Immature Ieukocvtcs and red cells arc common and the 
blood picture may suggest granulocytic (mvelogenous) leukemia Some cases' 
terminate as granulocytic (myelogenous) leukemia The«e may be differentiated 
by sternal puncture which gives the tvpical findings of granulocytic (myelogenous) 
leukemia while in the other cases of polycythemia vera the marrow picture is 
normal They are sometimes called ery throleukemia 

Therapy with phenylhydrazine should be controlled by frequently repeated 
routine blood examinations to prevent excessive red cell destruction until a dose 
has been established which will just maintain the erythrocyte count within normal 
limits An increase in the leukocytosis after phenvlhydrazme is to be expected 


1 Ilarrop G A Polycythemia Medicine 7 J9i-344 (\ug) 19*8 

* Haden R L The Red Cell Mass in lolycythemia in Relation to Diagnosis and 
Treatment Am J VI Sc 196 493-501 (Oct ) 193S 

Rosenthal \ and Itassen I A Course ol lolycythemia Arch Int Med 6 j 
903-917 (Dec ) 1938 

* See reference p 1 70 by Robscheit Kobbin 

*Klumpp T G andllertig A T Eryth elogenous Leukemia R 

Cases Presenting Aspects of Both Diseases o 183 aoi-ac>9 (F 
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The increase in red cells is apparently due entirely to increased marrow activity 
Red cell destruction is increased rather than diminished The basal metabolism 
and blood unc acid are elevated 

A benign familial form of polycythemia has been reported 1 

B Erythrocytoses — i Erythrocytoses Secondary to Anoxemia.— This type 
occurs in the follow ing conditions and may be extreme Increase in leukocytes and 
platelets and evidences of rapid red cell regeneration are confined largely to the 
period of onset Increase in blood volume is present only in the more marked 
cases and is seldom as great as m polycythemia vera Enlargement of the spleen 
is absent 

(a) Decreased Oxygen Tension in the Alieolar Air — Residence at high altitude is 
the clinical cause, but the same result occurs on experimental lowering of the oxygen 
tension The increase is about 50 000 cells per 1000 feet and cell counts up to 8 o 
million have been observed The increase begins at once due to contraction of the 
spleen and is maintained with evidence of rapid regeneration during the stage of 
increase It returns to normal on raising the oxygen tension as by return to sea 
level 

(b) Insufficient Aeration of Blood Due to Pulmonary Disease * — This may occur in 
extensive pulmonary fibrosis (tuberculosis, pneumoconiosis), emphysema, pulmo 
nary atelectasis (unilateral pneumothorax), or in primary arteriosclerosis or syphilis 
of the pulmonary arteries (rare) Members of this group have been described 
under the term Ayerza’s disease or black cardiacs because of the extreme bluish 
black cyanosis which at once differentiates them from the red cyanosis of the group 
above described Clubbing of the nails is common in this group 

(c) Insufficient Aeration of the Blood Due to Cardiac Disease — Erythrocytoses 
up to no million per cubic millimeter occur in the cyanotic group of congenital 
heart disease particularly pulmonary stenosis, the tetralogy of Fallot, and other 
cases m which there is a shift of blood from the nght side of the circulation to the 
left without passage through the lungs In many cases in group (b) the associated 
nght heart hypertrophy, dilatation and finally failure, secondary to obstruction in 
the pulmonary circuit (cor pulmonale), undoubtedly play a part The majonty 
of cases of pulmonary arteriosclerosis are secondary to such obstruction and the 
resultant hypertension m this circuit This, also, occurs in some cases of mitral 
stenosis and erythrocytosis may occur with it but is seldom as marked as in con 
genital heart disease Clubbing of the fingers or pulmonary osteoarthropathy is 
rarely absent 

(d) Chemical Causes — Chrome carbon monoxide poisomng belongs in this 
group Continuous exposure to very small concentrations of carbon monoxide 
over a long period of time is necessary and the polycythemia disappears within a 
few w eehs after removal from exposure No symptoms occur in this form of carbon 
monoxide poisomng 

2 Erythrocytoses of unknown mechanism (probably bone marrow irritation?) 
These are relatively uncommon causes 

(a) Diseases of the Bone Marrow — Polycythemia is reported in rare cases of 
granulocytic (myelogenous) leukemia and multiple myeloma 

1 Spodaro A and Forkner, C E Benign Familial Polycythemia Arch Int Med 
52 S93-602 (Oct ) 1933 . . r t 

* Barker N W Polycythemia Vera and Chrome Pulmonary Disease Arch Int 
Med 47 94-103 (Jan) 193 * 
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(b) Simulation of Marrow ( ?) —It occurs in rare instances following acute 
hemorrhage, in paroxysmal hemoglobinuria, or hemophilia 

(c) Poisons — Phosphorus arsenic, gum shellac and various anilin dyes may 
produce it 

ADDITIONAL REFERENCES 

Baar H and Stransky, E Die klimshe Hematologie des Kindesalters Pp 506 Franz 
Deuticke Vienna 1928 This book should be read b> every one interested in the 
hematology of children and contains much of value on general hematology 
Naegeh, 0 Blutkrankheiten und Blutdiagnostik Ed 5 Pp 704 Julius Springer 
Berlin, 1931 

Piney, A andWyard S Clinical Atlas df Blood Diseases Ed 4 Pp 127 P Blakiston s 
Son and Co Philadelphia 1938 

Piney A Recent Advances m Hematologj Ed 3 Pp 348 P Blakiston s Son and 
Co Philadelphia 1930 

Hirschfeld H and Hittmair, A Editors Handbuch der allgemeinen Hamatologie Band 
I Erste Halite pp 1-738 Zweite Halite pp 734-1323 Band II Erste Halite, pp 
1-700 Zweite Halite pp 701-1627 Urban und Schwarzenberg Berlin und Vienna 
1933-34 

Kilduffe, R A The Clinical Interpretation oi Blood Examinations Pp 629 Lea and 
Febiger Philadelphia 1931 

Goldhamer S M Bethell F H Isaacs R and Sturgis C C Blood A Review oi the 
Recent Literature Arch Int Med 59 1051-11x1 (June) 1937 
Bethell F II Isaacs R Goldhamer S M and Sturgis C C Blood A Review of the 
Recent Literature Arch Ind Med 61 923-1011 (June) 1938 
Whitby L E H and Bntton C J C Disorders of the Blood Pp 543 P Blakiston s 
Son & Co Philadelphia 1935 

Osgood, E E and Ashworth Clarice M Atlas of Hematology Pp 255 J V Stacey 
Inc San Francisco 1937 

Krackc R R and Carver H E Diseases of the Blood and Atlas of Hematology Pp 532 
J B Lippmcott Co Philadelphia 1937 

Downey II Handbook of Hematology Vol I to IV Pp 3136 Paul B Hoeber Inc 
New York 1938 

Beck Regena Cook Labors to r> Manual of Hematologic Technic Including Interrelation 
Pp 389 W B Saunders Co Philadelphia 1938 
Haden R L Principles of Hematology Pp 348 Lea & Febiger Philadelphia 1939 



CHAPTER VII 


DISORDERS OF THE LEUKOPOIETIC SYSTEM WITH 
ESPECIAL REFERENCE TO INFECTIOUS DISEASES 
AND LEUKEMIAS 


The histogenesis, embryology and anatomy of the leukopoietic system are 
reviewed in conjunction with that of the erythropoietic system ui Chapter VI 


I PHYSIOLOGY 

A Stimult — ' What are the fundamental adequate stimuli for the increased 
formation and liberation of the different types of white cells? For neutrophils, 
these may be adenine sulphate, nucleotide, or perhaps a foreign protein to which 
the Individual is not allergic, for eosmophds, a foreign protein to which the 
individual is allergic, for monocytes, particulate matter m the blood stream, 
for lymphocytes, invasion of lymphoid tissue , but none of these is proved beyond 
dispute, in none is the mode of action understood, and certainly there are other 
stimuli 

B Depressants —Do specific depressants of blood cell formation occur or is 
there merely an absence of the specific stimulant in the various types of deficient 
formation of a particular cell? Probably both occur Certain chemical poisons 
such as benzol and ammopynne have been shown to he depressants in some 
persons, but the bacterial toxins having this action have not been identified 

C The Duration of Life — What is the duration of life or mode of destruction 
of white cells? Loss from the gastrointestinal tract, in saliva and in pus is 
obvious, and disintegration within the blood stream is evident, especially in 
leukemias Studies by the marrow culture method 1 indicate a duration of hfe 
of the neutrophil lobocytes (polymorphonuclears) of 48 to 90 hours, average 
60 hours, of the eosmophds of 8 to 12 days, and of the basophds of X2 to 15 days 
The lymphocytes of the blood are able to divide by amitotic division so data on 
their duration of life was not obtainable by the marrow culture technic Other 
data by this method suggest a duration of life »f amitotic division is prevented of 
24 to 48 hours 

II TOTAL, DIFFERENTIAL AND ABSOLUTE LEUKOCYTE COUNTS 
OF THE BLOOD 

A Methods — 1 Leukocyte Counts — The leukocyte counts 
are subject to the same types of counting errors as the erythrocyte 
counts Criteria for estimating the accuracy of a given count and of 


1 Osgood t E Culture of Human Marrow Length of I ife of the Neutrophils Eosino 
phds and Basophils of Normal Blood as Determined by Comparative Cultures ol Ulooa 
and Sternal Marrow from Healthy Persons JAMA 109 933"937 (Sept jo ; 1937 
a*8 
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determining the significance of an apparent difference in any of these 
counts have been given in Table 8 

2 Wright’s Stain — Wright’s stain, if performed as directed on 
page 477, is recommended in preference to Giemsa’s stain or other 
Romanowsky stains It has man) advantages over the supravital 
technic for routine clinical use 

3 Supravital Staining Many studies which are of importance have been 
based on the study of living cells but for dinical purposes it has few advantages 
over Wright s stain and is much more troublesome to do It is somewhat easier 
to identify monocytes bv this technic and harder to identify some other cells than 
with \\ rights stain Its chief advantage is that it is possible to gauge to some 
extent the functional activity of the cells studied Interpretation of the significance 
of the different cell types is as yet the same as that given for W right s stain Much 
research is yet to be done with this method before its full chmcal possibilities can 
be delimited Ly mpbocy tes are easily overlooked in supravital counts 


B Normals 2 — 1 Total White Cell Counts — The normal figures 
for the different groups arc given in Table 7 and in Fig 7 There are 
no sex differences in the total white cell count Note the great van 
ations with age and also that the changes occur at different ages than 
for the red cell factors Even in adults, the figures usually given as 
normal (5,000 to 10000) include only 80 per cent of healthy persons 
In other words, one healthy person m every 5 examined will have a 


1 Sabin Florence R Studies of Living Human Blood Cells Bull John* Ilopkin 
IIosp 34 277-288 (Sept ) 1923 
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m identification of the leukocytes Note that the normal values given 
belou arc entirely different for children and adults and that a differ 
ential count which would be perfectly normal for an adult would 
indicate a definite increase in neutrophils in a child There are no 
sex differences in differential or absolute leukocyte counts 

Unavoidable errors in the differential cell count due purely to 
chance 1 are often not sufficiently considered in interpretation The 
accompanying chart (Tig 8) will show at a glance the significance of a 



Fig 8 — Chart showing the unavoidable error due to chance in the differential cell count 
(Modified from Barnett ) 


report It is calculated so that the curves correspond to a deviation of 
plus or minus 2 standard deviations from the average, in other words, 
so that there is only about one chance m 20 that the actual count is 
outside of the range indicated The method of using the chart is as 
follows suppose the count reported is 50 per cent neutrophils based on 
a count of 100 cells Note that the 50 per cent hne intersects the 
100 cell line at a plus or minus 10 per cent Therefore, there is only 
one chance in 20 that the actual count is less than 40 per cent or more 
than 60 per cent If 400 cells are counted, there is only one chance in 
20 that the count is over 55 or under 45 per cent Its chief value is in 

‘Barnett C W The Unavoidable Error in tie Differential Count of the Leukocytes of 

the Blood J Clin Invest 12 77-83 (Jan ) 1933 
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determining whether a variation from da) to da) m the count is signif 
leant For example, if the l)mphoc)te count is 70 per cent, based on 
a count of 100 cells, and the next da) it has nsen to 85 per cent, it is 
probabl) a true increase, but if the second count were 77 per cent, one 
could not be sure it was not a difference due to chance alone 

(a) Neutrophil Lobocytes ( Segmented Neutrophils) — See Table 7 
These make up 33 to 75 per cent (average 54 per cent) 1 of the total 
number of white cells in the blood of adults 20 )ears of age and over 
For adolescents, 15 to 19 > ears of age the range" is 25 to 70 per cent with 
an a-verage of 48 per cent For children 4 to 14 years of age, and 
probably also for infants, 10 days to 4 years of age, the range is 16 to 
60 per cent with an average of 38 per cent In the newborn the lobo- 
cy te (segmented neutrophil) count averages 60 per cent on the first day 
and rapidly drops to 50 per cent on the third day, 40 per cent the fourth 
day , and, thereafter, av erages about 38 per cent with a 95 per cent range 
of 16 to 60 per cent as in older children Counts as high as 75 per cent 
neutrophils in the first 4 days of life may not be abnormal Counts 
under 35 per cent in the first 2 davs are uncommon 

Ninety -fiv e per cent of healthy persons ov er 2 day s old will show an 
absolute value for lobocytes (segmented neutrophils) of 1500 to 7500 
per c mm with an average of 4,000 in each age group except the 
newborn in the first 2 days of life which average 9000 on the first day 
and 6,000 on the second day and children 8 to 14 y ears of age in whom 
the average is 3,250 per c mm 

(b) Neutrophil Rhabdocytes (“Staff” Cells ) — These have been 
included with the polymorphonuclear neutrophils in the past in 
differential counting but information of considerable diagnostic value 
is obtained by separating them from the neutrophil cells contain 
ing a segmented nucleus They make up from o to 5 per cent of the 
white cells in the blood of adults, and a slightly higher percentage during 
childhood This may be as high as 17 per cent during the first year of 
life and 25 per cent the first day of life In older children and adults a 
count of over 10 per cent may be considered abnormal 

Ninety five per cent of healthy persons will show an absolute value 
for rhabdocytes (“staff” cells) of o to 1500 per c mm 

(c) Eosinophils — In persons over 14 years of age, the average is 2 o 
per cent and the range is from o to 6 per cent In children 4 to 13 y ears 

1 The probable explanation for the higher figures (64 per cent) 'usually given is that 
most of the previous work has been done on patients who were thought not to have mfec 
nous diseases rather than on perfectl> healthy individuals such as the subjects of the 
senes on which these figures are based 

1 All the ranges given for diflerential cell counts include 95 per cent of the results 
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of age, the average is 2 8 per cent with a range from o to 8 per cent 
These figures apply to younger children, too 

Ninety-five per cent of healthy persons will show an absolute value 
for eosinophils of o to 600 per c mm if under 14 years of age and o to 
400 if more than 14 years of age 

(d) Basophils — These are quite rare m normal blood, ranging from 
o to 2 per cent and averaging o 5 per cent 

Ninety five per cent of healthy persons will show an absolute value 
for basophils of o to 200 per c mm 

In ordinary differential counting all stages of eosinophils and 
of basophils are grouped together It is only when very high counts 
occur or when marrow or leukemic blood is being counted that it 
is necessary to separate the various immature cells from the lobocytes 
(polymorphonuclears) 

(e) Lymphocytes — In adults 20 years of age or over these make up 
from 15 to 60 per cent (average 38 per cent) of the total white cells 
In adolescents 15 to 19 years of age the average is 42 per cent with 95 
per cent of the results between 22 and 62 per cent In children 4 to 14 
years of age, the average is 48 per cent with a range irom 20 to 70 per 
cent and these figures probably apply also to children from 5 days to 4 
years of age In the newborn the lymphocyte percentage averages 30 
per cent on the first day, 35 per cent on the second day, 40 per cent on 
the third day, and 45 per cent on the fourth day 

Ninety-five per cent of healthy persons 20 years of age and over 
will show an absolute value for lymphocytes of 1000 to 4500 per c mm 
with an average of 2750 In persons 15 to 19 years of age the values are 
1500 to 5000, average 3250 In children 8 to 14 years of age the 
values are 1500 to 6500, average 4000 In children 4 to 7 y ears of age 
and probably also in younger children the values are 1500 to 8500, 
average 5000 

These normal lymphocytes are divided b> some into large, medium, 
and small lymphocytes, but no sound morphologic, histogenetic, or 
clinical reason has been advanced for this sub division In fact, all the 
available evidence suggests that they are normal variants of the same 
cell form Further, the misuse of the term large lymphocyte for 
certain of the normal lymphocytes causes confusion with the pro 
lymphocyte The latter has a definite diagnostic significance and 
is definitely larger than the neutrophils of normal blood The term 
lymphocyte should be used when refemng to the normal cell and the 
term prolymphocyte should be reserved for the immature cell 

(f) Monocytes — These make up from o to 9 per cent, average 4 per 
cent, of the white cells in the blood of healthy persons 14 years of age an 
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over, o to 7 per cent, average 3 per cent, in the blood of children 4 to 13 
years of age, and about 5 per cent with a range from o to 12 per cent of 
the cells in the blood of infants from birth to 4 years of age 

Ninety five per cent of healthy persons in all age groups will show an 
absolute value for monocj tes of o to 800, av erage 300, per c mm 

(g) Disintegrating Cells —These cells are probably not artifacts 
made in smearing but remnants of dead cells They should not be 
omitted from the differential count as a large number of disintegrating 
cells is strongly suggestive of a diagnosis of leukemia and failure 
to include them may give an erroneous impression of the true incidence 
of other cell types Normal \alues for all ages and both sexes are o to 
12 per cent, average 5 per cent, with absolute counts of o to 1200 per 
c mm , average 400 

C Physiologic Variations — The total leukocj te count is usually 
less than 15,000 per c mm 

1 Simple Leukocytosis — This should be differentiated from the 
neutrophilia of infections In this form of leukocytosis the increase 
in count affects all cell types and eosinophils, basophils and monocytes 
do not disappear from the blood as the> do in neutrophilia The 
neutrophils ma> increase somewhat in percentage but are rarely over 
80 per cent 

(a) Muscular Activity — After very severe exerase counts as high 
as 3S»ooo have been reported Less severe exertion does not increase 
the count so much, but counts as high as 15,000 are not uncommon 
Complete cessation of muscular activity (basal conditions) reduces the 
white cell count somewhat below the usual figures for normal Some 
times an increase in the lymphocytes instead of neutrophils is respon 
sible for the increase The most probable explanation for the effect of 
muscular activity on the white cell count is a contraction of the spleen, 
but a washing out of white cells by the increased rate of blood flow is a 
possible factor 

(b) Diurnal Variations 1 — A digestive leukocytosis has long been 
considered to occur, but rather conclusive evidence is now available 
to show that digestion has no effect on the leukocyte count and that 


1 See Garre> and Bryan previously cited on page 231 
Sabin. F R Cunningham R S Doan C A and Kindwall J A The Normal 
Rh> thm of the V bite Blood Cells Bull Johns Hopkins Hospital 37 14-6 (July) ro?e 
Shaw A F B The Diurnal Tides of the Leucocytes of Man J Path and Bact 
30 1-19 (Jan) 192? 

it Stephens DJ Todd Harnett and Lawrence J S Studies in the Normal 

Human White Blood Cell Iicture I Variations in Recumbent Basal Subjects and m 
Individuals with Change of Posture Am J Physiol 105 547-CSS (Sept ) i<m 

S £ ipp and Ifethenngton D C A Study of the 

White Blood Cell Picture in *u : \oucg Men Am J Physiol 118 690-696 (Apr) ja ?7 

m K ), L ' vcl ’ o,L “ ti xws - H '* uh *» a » d "»>' 



23 6 


LABORATORY DIAGNOSIS 


changes formerly thought to be due to digestion are merely diurnal 
variations which occur whether food is ingested or not, and are more 
closely related to mental and ph> sical activity than to anything else 
The variations in one day m one person tend to cover almost the entire 
normal range and the total count and percentage of neutrophils tend 
to be highest in the afternoon These daily variations make it difficult 
or impossible to attribute much value to tests such as the leukopenic 
index 1 m which multiple counts over a short period of time are compared 
unless the differences are great In all probability many of these 
variations arc actually due to the unavoidable error m counting methods 
as illustrated in Table 8 

(c) Pregnancy, labor , and the Piter penum 2 — In the last month 
of pregnancy, a leukocyte count just over or just under the upper 
limits of normal is the rule During labor the average rises to about 
18,000 in pnmipara and about 15,000 in multipara Counts may be as 
high as 30,000 In the first da> or two of the puerpenum, this high 
level is maintained and then it falls gradually to reach the normal level 
ten to fourteen days post partum in uncomplicated cases An increase 
in the percentage of neutrophils and in the relative proportion of >oung 
forms is associated 

(d) Physical Measures — Cold bathing, massage, or cutaneous 
effect of ether may cause a temporary nse in the white cell count to as 
high as 14,000 to 25,000 High fever, artificially induced, is associated 
with a fall in leukocj tes which is followed in 6 to 9 hours by a marked 
rise 

(e) Pam — Pam, alone, is capable of increasing the* leukocyte count 


to 20,000 

(f) Drugs —Simple leukocytosis may occur after administration of 
adrenalin, 3 * * ethereal oils, liver extract or phenylhydrazine 

D Leukocytoses and Leukopenias — It has been common in 
the past to classify the leukocytoses solely by the cell type increased but 
it is just as valuable to pa> attention to the other cell types which are 
decreased or absent The classification here used has proved the most 
usefulinmyexpenenceandwasfirstpublishedinthe Atlas ofHematologj 


1 Loveless Mary Dorfman R and Downing Lillian A Statistical Evaluation of the 
Leucoperuc Index in Allergv J Allergy 9 321-344 (May) 1938 » 

J Jarcho J Changes in the Leucocytes during Pregnancy and the Puerpenu 
Review of the Literature and an Analysis of Fifty five Cases Am J Obst and l»y 

1 Lucia ; P Leonard M E and Falconer E H The Effect of lhe S“bciuane°“s 

Injection of Adrenalin on the Leukocyte Count of Splenectomized Patients And 01 pat. 

with Certain Diseases of the Hematopoietic and Lymphatic S> stems Am J M sc 9* 

35-43 (J«iy) 1937 , „ , -o rrt , r 

‘Osgood E E and Ashworth Clance M Atlas of Hematology Pp i7®-*95 J 

VV Stacey Inc San Francisco 1937 



DISORDERS OF THE LEUKOPOIETIC SYSTEM 


237 


i Leukocytoses — Leukocytosis is an increase in the total number 
of white cells per cubic millimeter It is usually due to an increase in 
only one type but may be due to an increase in several types of cell 
Therefore, the relative proportions of the types of cells present are 
usually altered The type of leukocytosis takes its name from the cell 
most markedly increased An increase in the neutrophils is called a 
neutrophilic leukocytosis or a neutrophilia, m lymphocytes, a 
lymphocytosis etc 

There may be a change in the relative proportion of any cell type 
without its total number exceeding that normally present The total 
number per c mm present in a patient’s blood may be calculated by 
multiplying the percentage of this cell type by his total count If 
the total number present is more than that of normal blood, it is called 
an absolute increase, if less than that normally present, it is called a 
relative increase For example the maximum normal percentage of 
eosinophils in the blood of children is 8 per cent and the maximum 
absolute number is 600 If the patient’s count is 10,000 with 10 per 
cent eosinophils, there is an absolute eosinophilia (o 10 X 10,000 is 
1000, which is more than 600) If the count is 5000 with 10 per cent 
eosinophils, there is a relative eosinophilia (10 per cent of 5000 is 500, 
which is less than 600) 

(a) Simple Leukocytosis — This was formerly included with neutro 
phil leukocytosis but differs from neutrophilia in that eosinophils, 
basophils and monocytes do not disappear from the blood Simple 
leukocy tosis is defined as an increase in the total leukocyte count above 
the upper limits of normal for the age and sex group without disappear 
ance of eosinophils, basophils or monocytes and -without absolute or 
relative lymphocytosis The neutrophil percentage is either normal 
or increased and the absolute number of neutrophils is often increased 
This type of leukocytosis occurs with pain, muscular activity and 
the other disturbances of physiology listed as causes of leukocytoses 
and also in the following conditions amebic abscess, acidosis, anemia oj 
acute hemorrhage myelophthisic anemia, bee slings, burns, cholera, chorea 
coccidiodal granuloma, convulsions, coronary occlusion, dissecting aneti 
rysm, eclampsia exercise, familial hemolytic icterus, fractures, glanders 
gonorrhea internal hemorrhage, Hodgkin's disease, insanity, intestinal 
obstruction leukemia , Incr extract administration, lymphosarcoma 
nephritis, Oroya ferer osteomyelitis, pain, periarteritis nodosa, phenyl 
hydrazine administration, polycythemia rubraicra, pregnancy, puerpenum 
rabies rat bite Je-er relapsing faer rheumatic f ever rickets salpingitis 
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sarcoma scarlet fever, sickle cell anemia, skull fracture, smallpox 1 sub 
acute bacterial endocarditis syphilis, tetanus, tuberculosis, tularemia, 
typhus, undulant fever, and uremia Counts within normal limits are 
common in all the above conditions and counts above 20,000 are uncom 
mon except in acute hemorrhage, burns, cholera, leukemia, osteomyelitis, 
poly cy themia, during the normal puerpenum, and in rheumatic fever 
Hodgkin’s disease scarlet fever and smallpox occasionally give counts 
over 20,000 Such a blood picture may also occur in the stage of 
recovery in most of the conditions ty pically producing a neutrophilia 
Multiple bee stings and smallpox may cause the appearance of many 
progranulocytes (promyelocytes) and granulocytes (myelocytes) m the 
blood, giving a leuhemoid blood picture 

(b) Neutrophilic Leukocytosis or Neutrophilia — This is an increase 
in the absolute number of neutrophilic cells m the blood It is nearly 
always associated with an increase in the proportions of immature 
forms, first those with few segments, then rhabdocytes (staff cells) 
and in the more severe grades, with the appearance of metagranulocytes 
(metamyelocytes) or granulocytes (myelocytes) in the blood The 
increase in the relative proportions of immature forms may also occur 
when the total number of neutrophilic cells is not increased or is even 
decreased, and is then of great diagnostic value The importance of 
this increase m immature forms has long (since 1904) been stressed by 
Arneth, 2 but his classification proved too complex to be widely used 
In 1912 V Schilling 3 suggested a modification which is clinically prac 
tical Manv others have since introduced workable classifications, but 
the valuable point in all is the same, 1 e , to separate the neutrophilic 
cells of normal blood and the leukocytoses into groups of greater and 
lesser degrees of maturity Tor practical purposes, this is most satis 
factonly done by classifying the cells of the granulocyte senes in the 
blood m the manner desenbed in this book But the entena for the 
different stages are somewhat different from those of Schilling and I 
agree with those who feel that the rhabdocytes (staff cells) are an 
immature cell rather than with Schilling’s view that it is a degenerating 


1 Ikeda K The Blood m Smallpox During a Recent Epidemic Arch Int Med 37 
660 (May) 1930 Pn 

* Arneth J Die neutrophilen weissen Blutkorperchen bei Infektion krankheiten ‘ P 

200 Gustav Fischer Jena 1904 , 

Arneth J Die qualitative Blutlehre 4 vol 1920-1928 An enormous amount 
material but so minutely classified as to be impractical for clinical purposes 

* Schilling V The Blood Picture Translated by Gradwohl R B II from “ e f 
and eighth German edition Pp 408 C V Mosby St Louis 1929 This . book IPJ 
erably the original in German) should he consulted if a full exposition of Schilling ® , 

on hematology is desired They stimulate thinking for one well founded in neraa 6/ 
but the beginner must constantly keep in mind while reading it that it expresses the 1 
of one man some of which are not generally accepted 
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cell It is customary to speak of an increased proportion of the more 
immature forms as a “shift to the left,” and of the more mature forms as 
a “shift to the right”, but this nondescnptive terminology should be 
discouraged It is denved from the report blanks used by Germans for 
recording results of a differential count, the younger forms being 
tabulated to the left of the more mature forms A relative or absolute 
increase in the particular cell type or in immature or old forms is far 
more descriptive, and to be preferred 

In all the conditions listed below as giving rise to a neutrophilia, an 
increase in the proportion of immature neutrophils also occurs 

(r) Acute Injections Diseases — Neutrophilia occurs in anthrax, 
bronchopneumonia, diphthena, bacillary dysentery, all forms of acute 
meningitis including that due to the typhoid bacillus, lobar pneumonia 
and in typhoid fever in children Pneumonia is the most common 
infectious disease producing neutrophilia Acute gastroenteritis, 
impetigo contagiosa, Ludwig’s angina, and streptococcic sore throat or 
tonsillitis may produce neutrophilia 

(2) Accumulations of Pus, Especially When That Pus Is under Pres 
sure — The commoner members of this group are appendicitis, salpingi 
tis, otitis media, abscesses (except the tuberculous), acute cholecystitis, 
empyema, peritonitis, acute pyelitis, pyelonephritis, pyonephrosis, gas 
gangrene, mastoiditis, and acute sinusitis Any infection with staph 
ylococci, streptococci, or the other pyogenic organisms may produce 
such a neutrophilia The degree of neutrophilia depends more on the 
pressure than on the quantity present Thus, a few drops of pus 
from the middle ear may give a higher leukocytosis than a large sup 
purating wound Thickly encapsulated collections of pus in which the 
bacteria are dead or quiescent usually give rise to no neutrophilia 

(3) Acute and Subacute Bacteremias Due to the Pyogenic Organisms — 
Monocytes usuall> persist in the blood in thi* group 

If a neutrophilia has been found, it should be followed by repeated 
total and differential white cell counts until the values have returned 


to normal In very acute conditions, such as appendicitis, hourly 
counts are desirable, and in all acute cases daily counts are indicated 
changing to biweekly, then weekly determinations in subacute stages 
and conditions A sedimentation rate determination will be found of 
value in most cases showing a neutrophilia 

The maximum information can be derived from leukocy te counts 
only after very extensive clinical experience and study 1 


‘ See the books by Pepper and Farley Piney 
to and for interpolation of hematologic findings 
cited at the end of this chapter Also 


\rneth and Schilling elsewhere referred 
in children the book by Baar and Stransky 
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(c) Eosinophilic Leukocytosis or Eostnoplnlia l — 1 his is an absolute 
or relative increase in the eosinophilic cells There mav be no increase 
in the total count The causes are 

(i) Parasitic Infection — This should be thought of first when 
cosinophiha is found 

Tftchiniasis — This is the most common cause of a high absolute 
eosmophilia The eosinophils may reach 80 per cent and are rarefy 
less than 15 per cent except at the onset The total white cell count is 
usually increased Subclimcal cases probably account for many cases 
of unexplained eosmophilia 

Intestinal Parasites — Any of the intestinal parasites may give 
rise to an cosinophiha which is usually slight (under 10 per cent) 
or moderate (10 to 30 per cent) in degree, but the total count is usually 
within normal limits, and eosmophilia is often absent 


Parasites of the Blood and Blood Forming Organs — Malaria, filanasis, trypano 
soroiasts, and kata azar aie associated in some instances with eosmophilia o{ vary 
ing degree (usually slight) 


(2) Allergic Conditions — It is probable that all causes of eoszno 
philia except the group due to hone marrow involvement belong 
in this group The definitely proved members of this group are 

True Bronchial Asthma — Eosinophils ore found in large numbers 
in the sputum as well as in the blood This is one of the common and 
important causes Eosmophilia does not occur in so called cardiac 
asthma and is therefore of differential value The eosmophilia is 
usually under 20 per cent and averages about 10 per cent 
Hay rever 

Urticaria and Angioneurotic Edema 

Serum Sickness and after the Injection of Vaccines and Foreign 
Proteins of Various Types 
Favism 


Doan A C and Zcrfas L G The Rhythmic Range of the White Blood Cells in 
Human Pathological Leucopenia and Leucocytic States Tilth a Study of Thirty two 
Human Bone Marrows J Eep Med 46 S‘i-539 ( Se Pt ) 1927 . 

Cooke, W E and Ponder E The Polynuclear Count. Pp So Lippmcott Phila 
delphia 19 7 

Piney A The Significance of the Polynuclear (Cooke) and Schilling Leucocyte 
Counts Quart J Med a 2 405-412 (April) 1929 

RezmkoS P White Blood Cell Counts in Convalescence from Infectious Diseases 
Am J Med Sci 184 167 (Aug) 1932 _ . 

Weiss A. The Staff Count Its Importance in Acute Infectious Disease Arcn 
Int Med 48 390 (Sept ) 1931 , „ , . 

Medlar E M and Kastlin G J The Polymorphonuclear Count in the Tuberculous 
Blood Picture Am J Med Sc 173 &24-S34 (June) 1927 

‘Page I H Turner R B and Wilson J H The Clinical Significance of Eosmopnwa 
on aGeneral Medical Service J Lab and CIm Med 13 1109-11x6 (Sept) 19*8 
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(3) Infectious Diseases — Most of these conditions give simple 
leukocytosis without disappearance of eosinophils rather than a true 
cosinophiha Scarlet Trer 1 is the onl\ infectious disease in which 
eosinophiha occurs early with any high degree of constancy It 
may occur carlv in acute rheumatic frer or gonorrhea, and a slight 
eosinophiha is the rule during convalescence from most febnle diseases 
Its early appearance in a febnle disease has, thus, some diagnostic a aluc 
and its later appearance may be regarded as a fa\ orable sign It occurs 
in some patients w ho hav c s\ philis but this has no diagnostic a alue 

(4) Certain Skin Diseases — It depends more on the extent and 
severity of the destruction of the skin (area for absorption of foreign 
or altered proteins?) than on the nature of the disease It is especially 
marked in those charactcnzed by the formation of large blebs and in 
the exfoliative dermatitis of arsenic poisoning Dermatitis herpeti 
formis may sometimes cause eosinophiha as high as 40 per cent with a 
total count up to 20 000 

( 3 ) Diseases of the Bone \farron 

Granulocyte ( Myelogenous) Leukemia and the Rare Eosinophilic 
leukemia — The highest absolute counts of eosinophils occur in these 
conditions 

Carctnoma or Sarcoma of the Bone Mar rod 

Osteomyelitis — Think of this when neutrophilia eosinophiha, and 
fever arc associated 

Osteomalacia , rickets and pohcyt hernia rubra - era arc also occasion- 
ally associated with eosinophiha 

(6) Poisoning tilth Certatn Drugs — Arsenic and camphor are the 
most important members of this group It is not constant, but may 
reach a high level (59 per cent eosinophils with a white count of 30,500 
in one case of arsenical dermatitis seen bv the author) The usual 
finding in acute ar«cnic poisoning* is a normal or slightly decreased 
total leukocyte count and a moderate eosinophiha (average 19 per 
cent, range ; to 40 per cent in S cases studied) 

(7) Periarteritis Nodosa I his disease usualh gives a simple 
leukoevtosis but mav be associate! with slight or severe eosinophiha 


(S) it iKfttjnccui cendiltont in ninth eosinophilic may occur but is Inconstant 
an 1 of lillle diagnostic value 1 fodgltn s disease pernicious anemia and malignant 
tumors CowropHiha is rot common in patients *ith milignant tumors but occa 


1 fried nun s Eosinophil a tn ^cadct t tsrr I Vs a Ducnottic 
CfcM 45 Oij-ojV{Vpr) ion II Ct-eral Coni de-atio-s i‘i! 45 

I 9 JS 

* Iuwvmi C 0 Jiclvm \\ p ard CatUrach C. H \nene Ii 
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sionally due to involvement of bone marrow, absorption of foreign or altered pro- 
teins from ulcerated areas, or m tumors with metastases in the liver slight to extreme 
eosmophiha 1 may occur Eosinophiha sometimes develops after raw liver therapv 
for anemia, after splenectomy, and in Addison’s disease 

The demonstration of eosinophiha should cause one to search for 
intestinal parasites and ova, and for evidence of allergic reaction 
If, in addition, abnormal white cells are present in the blood, disease 
of the bone marrow should be suspected In some cases a thorough 
search has failed to reveal a cause, hence apparently not all the causes 
have been determined The higher normal eosinophil percentage in 
young children must be considered in interpretation 

(d) Basophilia — An increase in basophils is rare and is not diagnostic of any 
disease except basophilic leukemia, but suggests bone marrow involvement It 
may occur m any of the conditions listed under (5) above in the discussion of eosino 
philia It is rarely absent in granulocytic (myelogenous) leukemias It also occurs 
in polycythemia rubra vera, Hodgkin’s disease, anemias associated with spleno 
megaly, and in some chrome skjn diseases, but is slight and inconstant m all One 
case of true basophilic leukemia his been reported 

(e) Lymphocytosis 2 — Formerly many diseases w ere listed as causes 
of lymphoc} tosis but m most of these diseases the actual figures for 
lymphocytes were within normal limits or actually depressed and the 
increase in lymphocyte percentage was due either to failure to recognize 
the wide limits of normal lymphocyte percentage or to a decrease in cells 
of the granulocyte (myeloid) senes Most of the conditions which give 
normal lymphocyte percentages will be found under the category of 
simple leukopenia and those which produce a relative lymphocytosis 
due to decrease in the granulocytic (myeloid) cells are grouped together 
in the category of granulopenia 

The causes of absolute lymphocytosis are few 

Lymphocytic Leukemias — These give rise to an absolute lymphocyto 
sis which may reach 1,000,000 cells per cubic millimeter and over 99 
per cent lymphocytes Less than 70 per cent lymphocytes is unusual 
Immature lymphocytes are present m the acute and subacute cases 
Lymphocytes may be normal in morphology and number in the blood 
in aleukemic forms 

* Currrn H B A Case of Walked Eosinophiha Northwest Med 37 296-297 ( Se P l ) 

* Whitney Caroline Hyperplasia of Lymphoid Tissue and Lymphocytosis Medicine 

7 *-3° (Feb ) 1928 
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Pertussis (whooping cough) 1 — Figures of over 100,000 cells per 
cubic millimeter, chiefly lymphocytes, have been reported, and counts 
of 15,000 to 40,000 with over 60 per cent lymphocytes are the rule tn the 
paroxysmal stage Earlier, the cell count raaj be normal 

Infectious Mononucleosis (glandular fever, acute and benign lymph 
adenosis) 2 — A moderate leukocytosis with an absolute lymphocytosis 
and a considerable number of prolymphocytes is the usual finding 
The prolymphocytes must not be confused with monocytes which are 
httle if at all increased This condition is differentiated from acute 
lymphocytic leukemia, which the blood picture may at first suggest, by 
the absence of anemia and of lymphoblasts which are characteristic of 
the latter and by the presence of a positive Paul and Bunnell test The 
normal sized lymphocytes often show fenestrated nuclei 5 

(f) Monocytosis * — This is usually only relative It seems probable 
that the fundamental cause is particulate matter in the blood stream 
It may occur in (1) monocytic leukemia (2) malaria (differentiates from 
liver abscess), (3) subacute bacterial endocarditis , (4) tuberculosis 6 (during 
the stage of hematogenous extension), (5) Hodgkin’s disease (incon 
stant), (6) lymphosarcoma (inconstant), (7) cachexia of carcinoma 

Slight monocytosis occurs late in the course of most infectious diseases It may 
reach a considerable height in smallpox, typhus, and cholera 

It may be produced experimentally by infection with B monocytogenes or 
injection of lipoids from tubercle bacilli or of tetrachlorethane 

Only m monocytic leukemia, subacute bacterial endocarditis and 
in chronic malana is the monocytosis apt to be of diagnostic value 
Much stress has been laid on the value of the leukocyte count in the 
diagnosis and prognosis of tuberculosis It is true that the neutrophils 
increase with caseation and secondary infection and monocytes with 
hematogenous extensions, while lymphocytes tend to increase during 
healing stages, but so many other factors may influence these cells that 

1 Thelander II E Henderson II G and Kilganff k The Blood Picture in Pertussis 
A Graphic Stud> J Ped 2 288 (March) 1933 

Dolgopol \ era R The Blood Picture in the Early Stages of Pertussis J Ped 3 
367 ( 'ug ) 1933 

Gold A L and Cell II O Improvement in the Diagnosis of Whooping Cough 
Correlation Between Sedimentation Rate and Cell Count of Blo< 5 d on the Basis of Proved 
Cases Am J Dis Child 52 23-40 (July) 1936 

* Downey II and McKinley C A Acute Lymphadenosis Compared with Acute 
l jraphatic Leukemia Arch Tot Med 32 82-112 (July) * 9*3 

Sprunt T P Infectious Mononucleosis (Glandular lever) International Climes 3 
93~ , *9 1933 

* See reference 3 on page 251: 

•Doan C A and Wiseman B k The Monoc>te Monocytosis and Monocytic 
Leukosis A Clinical and Pathological Study Ann lot Med 8 383-416 (Oct ) iota 

* See footnote t on p 244. 
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the value ot the decreasing rat.o, the increasing 

ratio, and the increasing proportion of neutrophil cells of immature 
type as criteria of a bad prognosis has probably been over emphasized 
Almost any type of white cell count is compatible with any type of 
tuberculosis, and while averages differ, individual variations are so 
great that the counts have very little diagnostic value, and should be 
used in prognosis only as secondary in importance to the clinical and 
roentgenographic data The differing points of view will be found 
presented in more detail in the references’ and the articles included m 
their bibliographies 


(g) Plastnacylous — A few cells of the plasmacyte series are present in normal 
blood but they are too scarce to be found frequently m ordinary differential count 
ing Plasmacytoais of 2 to 20 per cent i» found in German measles and measles in 
some cases of multiple myeloma and in some of the myelophthisic anemias A 
great increase occurs in the rare plasmacytic leukemia 

2 Leukopenias — (a) Simple Leukopenia — -This is defined as a 
decrease in the total leukocjte count with a percentage differential 
count within normal limits The conditions listed under this heading 
were formerly included under the heading of relative lymphocytosis 
Actually these diseases usually give a normal differential cell count with, 
occasionally, an increased proportion of rhabdocytes (staff cells) and 
either a normal or low total leukocyte count Of course, the term 
leukopenia applies only if the total count is below normal limits for a 


1 Medlar E M An Evaluation of the Leucocytic Reaction in the Blood as Found in 
Cases of Tuberculosis Am Rev Tuberc 20 312-346 (Sept ) 1929 

Flmn J W , Flinn R S , and Flinn, Z M Correlation of Blood Counts in One 
Hundred and Fifty Clinical Cases of Tuberculosis and Underlying Pathological Changes as 
Shown by Serial X Ray Films Am Rev Tuberc 27 488 (May) 1933 

Cunningham R S and Tompkins Edna H The White Blood Cells in Human 
Tuberculosis as Studied by the Supravital Technique Am Rev Tuberc, 17 204-239 
(March) 1928 

Farley D L St Clair H and Reisinger J A The Normal Filament and Nonfila 
ment Polymorphonuclear Neutrophi Count Its Practical Value as a Diagnostic Aid 
Am J Med Sci 180 336-344 (Sept ) 1930 

Reilly, W A Behavior of Monocytes in Tuberculosis in Children Am Rev Tuberc 
25 178 (Feb ) 1932 

Sabin Florence R Cellular Studies in Tuberculosis Am Rev Tuberc 25 153-171 
(Feb ) 1932 , 

Mornss W H , and W llson G C The Leucocytic Blood Picture in Active and 
Inactive Tuberculosis A Comparison of Differential Blood Counts Made During Clinical 
Activity with Others Made After Clinical Arrest Am Rev Tuberc 33 60-74 (Jan } 

Stasney J and Feldman W H The Character of the Leukocytic Response to 
Tuherculm in Sensitized Calves Am J M Sc 195 20-27 (Jan ) 1938 

Sullivan M and Jones P H Diagnosis of Early Tuberculosis The Value of Mon 
cytic Lynphocytic Index Determined by Supravital Technique Before and Auer in 
Administration of Tuberculin Am J M Sc 185 762-768 (June) 1933 

Sweany H C Strom Ingnd and Cannemeyer Wilma A Composite Blood On 
as an Aid in the Control of Treatment of Tuberculosis Am Rev Tuberc 35 I2 9“ J 33 

(Jan ) 1937 
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person of the patient’s age group Most of them are conditions affect 
ing the lymphatic tissues, chronic infections or diseases associated with 
hypertension in the portal circulation or mv olving the spleen In none 
of these diseases is leukopenia always present In none of them 
is the neutrophil count usually under 20 per cent as it usually is in the 
group of granulopenias The conditions which may cause simple 
leukopenia are macrocytic anemias, splcnomegahc anemias , Banti's 
disease , cachexia and malnutrition, chickenpox, cirrhoses , dengue , Felly’s 
syndrome / Gaucher s disease, granuloma inguinale, Hodgkin's disease, 
lymphosarcoma , influenza, kala azar, leprosy, malaria, measles , 2 mumps, 
Niemann Pick’s disease, pappalaci ferer, paresis, psittacosis, poisoning 
with the heavy metals, lead, bismuth, or mercury, relapsing fever, schislo 
somiasis, sprue, Still's disease, thrombosis or stenosis of the portal tern, 
tuberculosis, typhoid fever, undulant fever, Vincent’s angina, xantho 
matosis, and yellow fever Since, in all of these, counts within normal 
limits are common a simple leukopenia suggests that one of these 
conditions is present but a normal count does not exclude the diagnosis 
(b) Granulopenia s — The term granulopenia seems more descriptive 
than the old term relative lymphocytosis for the conditions included 
in this group since the major change is a decrease in neutrophils, 
eosinophils and basophils The total leukocyte count is usually betw ecn 
loo and 2 ,000 The total lymphocj te count is often actually decreased 
The causes are agranulocytosis, idiopathic or secondary aplastic anemia, 
and aleukemic or subleukemic leukemias The disappearance of 
granulocytes in all of these conditions may result in the development of 
a gangrenous stomatitis or pharj ngitis due to invasion by the organisms 
already present The finding of a granulopenia constitutes a definite 
indication ior sternal puncture and examination of the sternal marrow 
(1) Agranulocytosis * — This disease is sometimes called agranulo 
cjtic angina, malignant neutropenia or essential granulopenia It is 
characterized by a primary decrease m mature cells of the granulocyte 
(m> eloid) senes m the blood and marrow It is due to an ldiosj ncrasj 
to drugs containing the benzol ring including aminopynne, sulfanilamide, 


1 Craven E B Jr Splenectomy in Chronic Arthritis Associated with Splenomegaly 
and Leukopenia (Felty s Syndrome) JAMA 102 823 (March 17) 1934 

* Benjamin B and Ward Sylvia M Leukocytic Response to Measles Am J Dis 
Child 44 921-963 (Nov ) 1932 

* Mettier S R and Olsan II T The Clinical Significance of Leucopema with Special 
Reference to Idiopathic Neutropenia Ann Int Mea 6 8s 5-868 (Jan ) 1933 

4 Kracke R R Relation of Drug Therapj to Neutropenic States J A M A in 
>*SS -”59 (Oct) 1938 

Beck Regena C Benign and Malignant Neutropenia Present Status of Knowledge 
of This Condition with Report of Four Cases Arch Int Med S* 239-287 (Aug ) 1944 
Roberts S R and Kracke R R Further Studies on Granulopenia with a Renort 
of Twelve Cases Ann Int Med 8 129-147 (Aug) 1934 ** 
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dmitrophenol, benzol itself, and the organic arsemcals Such ldio 
syncrasy occurs in a relatively small percentage of persons but since 
the disease is often fatal it is important that other drugs be substituted 
for these if equally effective compounds are available and that all 
patients receiving these drugs have daily routine hematologic examma 
tions on the first three days after beginning therapy and at relatively 
frequent intervals thereafter Absence of anemia and thrombopema 
differentiate agranulocytosis from aplastic anemia but a sternal punc 
ture is usually necessary to differentiate it with certainty from aleuke 
mic or subleukemic leukemias although the history of exposure to a 
drug containing the benzol ring suggests the diagnosis of agranulocyto 
sis The most important point m treatment is early discovery and 
removal of the cause Administration of blood transfusions, pentose 
nucleotide and liver extract have been followed by recovery 

L The Significance of Immature Leukocytes in the Blood or 
Marrow 1 — Study plates IV and V and their legends Tables 38 to 
42 and the illustrations in the Atlas for details of the morphology of the 
immature leukocytes 

i Granuloblasts 2 (myeloblasts) — A count of over 2 o per cent 
granuloblasts (myeloblasts) in the sternal marrow or the appearance 
of granuloblasts (m> eloblasts) in the blood almost certainly indicates 
the presence of granulocytic (myelogenous) leukemia The greater the 
percentage of granuloblasts (myeloblasts) among the cells present, 
the more acute the leukemia is likely to be In some cases of acute 
leukemia, almost all the cells present are granuloblasts (myeloblasts) 
and in such cases the inexperienced are likely to mistake them for cells - 
of the lymphocyte senes because, superficially, the granuloblast (myelo 
blast) resembles the lymphocytes more than it does the mature granulo 
cytic (myeloid) cell This mistake will not be made if the chromatin 
structure of each cell examined is noted and the importance of fine 
chromatin structure is clearly understood A mature lymphocyte 
always has coarse chromatin m clumps whereas the granuloblast 
(myeloblast) has a fine lace net like structure The size of the granulo 
blast (myeloblast) which is usually larger than a neutrophil lobocyte 
(polymorphonuclear) as a rule will differentiate it from a lymphocyte 


'This material has been reproduced by permission of the copyright 
Osgood E E and Ashworth Clarice hi Atlas of Hematology Pp 10-71 J w Stacey, 
Inc San Francisco 1937 , , u«m1 

* Downey, H The Myeloblast— Its Occurrence under Nonnal and Patiologicai 

Conditions and Its Relations to Lymphocytes and Other Blood Cells Fol hae 

34 6S-89 and 145-187 (June and August) 19*7 , . ,, ... . and 

Downey H The Occurrence and Significance of the Myeloblast under Norm 
Pathologic Conditions Arch Int Med 33 301-313 (March) 1924 
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However, in the rare instances when small granuloblasts (myeloblasts) 
are present, the chromatin structure is the only point of differentiation 
from the lymphocyte If the cells present are all stem cells there is 
no way of conclusively classifying the leukemia as granulocytic (mye 
loid), lymphocytic or monocytic In nearly all cases the classification 
may be made by prolonged search which will reveal some progranulo 
cytes (promyelocytes), prolymphocytes or promonocytes either in the 
blood or marrow 

2 Progranulocytes A (promyelocytes II) — The finding of pro 
granulocytes A (prom> elocy tes II) in the blood or more than 10 o per 
cent in the marrow should always suggest a diagnosis of granulocytic 
(myelogenous) leukemia Progranulocytes A (promyelocytes II) 
are usually the predominant cell in the blood and marrow in this disease 
In acute granulocytic (myelogenous) leukemia most of the cells are 
likely to be granuloblasts (myeloblasts) and progranulocytes (pro 
myelocjtes), whereas in chronic granulocytic (myelogenous) leukemia 
the progranulocytes A (promyelocytes II) are associated with granulo 
cytes (myelocytes), metagranulocytes (metamyelocytes) and rhabdo- 
cytes (staff cells) A few progranulocytes A (promyelocytes II) may 
appear in the blood in pernicious anemia, erythroleukoblastosis, poly 
cythemia rubra vera, smallpox, and myelophthisic anemias such as 
result from osteomyelitis, metastases of malignant tumors to bone and 
multiple myeloma A few progranulocytes (promyelocytes) may also 
appear in the blood in unusually severe infections of the type usually 
resulting in a neutrophilic leukocytosis In this same group of condi- 
tions the progranulocyte (promyelocyte) count in the sternal marrow 
is usually 5 o to 100 per cent 

3 N eutrophil Progranulocytes S (prom) elocy tes I) — T he appear 
ance of neutrophil progranulocytes S (promyelocytes I) m the blood 
or an increase to a count of over 10 o per cent in the marrow strongly 
suggests the diagnosis of granulocytic (myelogenous) leukemia If 
they are increased in the marrow and no abnormal cells are found in the 
blood the diagnosis is aleukemic granulocytic (m> elogenous) leukemia 
These cells are not commonly seen in acute granulocytic (myelogenous) 
leukemia but are often very numerous in chrome and subacute granulo 
cytic (myelogenous) leukemia Occasionally a neutrophil progranulo 
cyte S (promyelocyte I) may be found in the blood of patients with 
pernicious anemia, polycythemia rubra vera erythroleukoblastosis, 
smallpox, acute osteomyelitis and malignant tumors involving the bone 
In rare instances a neutrophil progranulocyte S (promyelocyte I) may 
appear in the blood of patients with overwhelming infection 
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4 Neutrophil Granulocytes (myelocytes) —The appearance of 
appreciable numbers of neutrophil granulocytes (myelocytes) in the 
blood or an increase to over 15 o per cent in the marrow strongly 
suggests the diagnosis of granulocytic (myelogenous) leukemia A few 
granulocytes (myelocytes) may, however, appear m the blood in very 
severe infections of the type associated with a neutrophilic leukocytosis 
Neutrophil granuloc>tes (myclocjtes) may also be found in the blood 
and increased in the marrow in pernicious anemia, polycythemia rubra 
vera, erythroleukoblastosis, smallpox, acute osteomyelitis and mahg 
nant tumors invading the marrow such as multiple myeloma or meta 
static carcinoma or sarcoma 

5 Neutrophil Metagranulocytes (metamyelocytes) — -These cells 
may appear in small numbers in the blood in any condition associated 
with neutrophilic leukocytosis but if they constitute more than 50 per 
cent of the leukocjtes a serious prognosis is indicated A count of 
20 o per cent or more neutrophil metagranulocytes (metamyelocytes) 
strongly suggests a diagnosis of chronic granulocytic leukemia A few 
metagranulocytes (metam> elocytes) may appear in the blood and they 
may be increased in the marrow in pernicious anemia, polycythemia 
rubra vera, erythroleukoblastosis, smallpox, acute osteomyelitis, and 
if malignant tumors such as multiple myeloma or metastatic carcinoma 
or sarcoma invade the marrow 

6 Neutrophil Rhabdocytes (staff cells) — An increase in neutro 
phil rhabdoc) tes (staff cells) m the blood may occur in any severe 
infection but occurs most commonly in the more virulent infections 
commonly associated with a neutrophilia They may also be increased 
in the blood or marrow in absolute numbers and occasionally in relative 
per cent in chronic granulocytic (myelogenous) leukemia A neutrophil 
rhabdoc) te (staff cell) count of over 20 o per cent in the blood indicates 
a severe infection and if the count exceeds 50 o per cent in any disease 
other than malaria the prognosis is very grave Some German authors 
speak of an increase m rhabdoc) tes (staff cells) as a shift to the left 
because of the position in which they tabulate these cells in the dif 
ferential count on the laboratory forms Giant rhabdocytes (staff 
cells) are not infrequently found in the blood or marrow in chronic 
granulocytic (myelogenous) leukemia or in macrocytic anemias, and 
some authors consider them diagnostic of pernicious anemia Rhabdo 
c> tes (staff cells) are also increased in the blood m polycythemia rubra 
vera and in myelophthisic anemias 

7 Lymphoblasts — The occurrence of lymphoblasts in either the 
blood or sternal marrow is almost pathognomonic of acute lymphocytic 
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leukemia although some of the more mature types of lymphoblasts may 
be found m the blood and marrow in infectious mononucleosis Since 
1) mphoblasts are morphologically indistinguishable from granuloblasts 
(myeloblasts), monoblasts or plasmablasts, if cells resembling these 
are found in the blood or constitute more than 2 o per cent of the cells 
seen in the marrow, it is certain that the patient has acute leukemia 
The tjpe of leukemia is determined b> the other cells present in the 
blood or increased m the marrow 

8 Prolymphocytes — An occasional prol> mphocj te may some- 
times be found in the blood of patients with chronic ljmphocytic 
leukemia, in the, blood of normal infants, or in the blood of a person 
who has been receiving roentgen raj or radium therapy, but onlj in 
acute lymphocj tic leukemia or infectious mononucleosis do prolympho 
cytes appear in the blood or sternal marrow in appreciable numbers 
Not all authors agree that proljmphocytes are intermediate in maturity 
between lymphoblasts and lymphocj tes Wiseman believes that the 
maturitj of the lymphocj tes should be judged bj the degree of baso 
philia of the cjtoplasm rather than from size He believes that the 
deeper the blue color the less mature is the cell 

(a) Peroxidase Test — This is indicated in any case in which difficulty arises in 
differentiating progranulocytes (promjelocjtes) from prolymphocytes This 
difficulty is most apt to occur in acute leukemias or infectious mononucleosis 

(t) Interpretation —Unfortunately this does not differentiate the granuloblasts 
(m> elobUsts) from lymphoblasts but all other granulocytic (myeloid) cells show 
the peroxidase reaction If large cells with round nuclei showing this reaction are 
present in the blood of a case of leukemia it is probable that the leukemia is of the 
granulocytic (myelogenous) type As acute leukemias occur in which the pre 
ponderating cell is the granuloblast (myeloblast) absence of peroxidase granules in 
the large cells is a point in fa\or of lymphocytic leukemia but this does not exclude 
the possibility of its being a granulocytic (myelogenous) leukemia 

9 Monoblasts — Monoblasts probably occur normallj in the 
marrow and possibly in the spleen but thej are present in such small 
numbers and so closely resemble the granuloblasts (myeloblasts) that 
they do not appear m the differential cell count of normal sternal mar 
row They are not found in the blood or ljmph nodes of healthy 
persons The presence of monoblasts in the blood or of appreciable 
numbers in the sternal marrow occurs only in monocytic leukemias 
They are most numerous in the acute form and may not appear in the 
blood at all in the chronic form 

10 Promonocytes — Promonocj tes are the type cells of monocytic 
leukemia and if found in the blood or in appreciable numbers in the 
marrow a diagnosis of this condition is justified They constitute a 
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larger proportion of the cells of the monocyte senes m the acute and 
subacute forms than in the chronic form of monocytic leukemia 

11 Plasmablasts — -Plasmablasts are increased in the marrow m 
multiple myeloma and plasmacytic leukemia They maj occur in the 
blood m either of these conditions but are numerous only in plasmacvtic 
leukemia 

1 2 Proplasmacytes — Proplasmacytes are increased in numbers in 
the blood and marrow in plasmacytic leukemia, multiple myeloma, 
German measles and, to a lesser extent, in measles, leukemias and 
chronic infections 

13 Plasmacytes 1 — -These cells are markedly increased in the blood 
and sternal marrow m plasmacytic leukemia, German measles and some 
cases of multiple myeloma In most cases of multiple myeloma the 
increase is only in the sternal marrow but it is sufficiently constant and 
marked so that the author has correctly diagnosed two cases of multiple 
myeloma on the basis of this finding before other characteristic signs 
appeared A moderate increase in plasmacytes in the blood or marrow 
may be found in measles and many other acute and chronic infections 
The accumulations of plasmacytes in tissues which are chronically 
infected as in syphilis, or sinusitis, are even more constant Many 
authors believe the plasmacytes are formed locally in the perivascular 
tissues but it seems more probable that a few plasmacytes and pro 
plasmacytes migrate from the blood stream and proliferate both by 
mitotic and amitotic division It is commonly thought that plasma 
cytes develop from lymphocytes but I have never found an> evidence 
of this from my studies of multiple myeloma, plasmacytic leukemia or 
marrow or blood cultures It seems certain that they are a distinct 
and separate line of cells 

14 Mitosis in Cells — It has been shown by marrow culture 
experiments that all of the -blast cells and pro cells are capable of 
mitotic division and typical mitoses are seen normally in the marrow 
but in the blood only in leukemias Amitotic division occurs in the 
normal lymphocyte, in the plasmacyte, proplasmacyte, and m the 
erythrocyte series in the karyocyte (pronormoblast) and prokaryocyte 
(erythroblast) 

The immature cells of the eosinophil and basophil series have not 
been described since they differ from the corresponding neutrophil only 

' Michels N A The I lasma Cell A Critical Review of Its Morp^°S enesi | 
and Developmental Capacity under Normal and under Abnormal Conditions Arch rate 
11 77S-793 (May) 1931 . . . 

Osgood E E and Hunter W C Plasma Cell Leukemia Folia Haemat, 5 2 
383 1934 
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in the granules and since they appear in blood only in the conditions 
listed as causes of eosinophilia or basophilia 

F Anomalies of Leukocyte Morphology — i Pelger’s Nuclear 
Anomaly 1 — This is a rare familial condition m which most of the 
neutrophils, eosinophils and basophils in normal blood without evidence 
of infection resemble rhabdocy tes (staff cells) and the lobocytes (poly 
morphonuclears) rarely have more than two lobes Its only signifi 
cance is that it should be differentiated from an increase in immature 
cells due to infection 

2 Polylobocytes (macropolycytes 2 ) — These are very large neutro 
phils with manj nuclear lobes m the lobocyte (polymorphonuclear) 
stage and very large nuclei often branching around a clear area and 
then joining again These cells may be seen in the blood and marrow 
in pernicious anemia and other macrocytic anemias Some believe 
them diagnostic of these conditions They may occur, however, m 
granulocytic (myelogenous) leukemia and in patients with extreme 
leukocytosis Finding of these cells should suggest one of these 
diagnoses 

3 Fenestrated Nuclei m Lymphocytes * — Holes in the nuclei of 
lymphocytes and prolymphocytes which may appear as sharply 
demarcated clear spaces or more commonly as diagonal pale areas 
corresponding to holes through the nucleus at an angle to the line of 
vision are present in the blood of most patients with infectious mono 
nucleosis In some stages of the disease they may be abundant but 
are usually scarce Finding of typical fenestrations in freshly drawn 
blood should always suggest this diagnosis They have been seen in 
the nuclei of a few patients with chronic lymphocytic leukemia but 
only if the blood has been allowed to stand for some time before smears 
are made 

4 Artefacts — Fragments of the cytoplasm of the progranulocytes 
(promyelocy tes) are often seen in the marrow and may be found in the 
blood of patients with granulocytic (myelogenous) leukemias These 
fragments somewhat resemble malaria parasites but do not contain 
pigment, are not located inside of the erythrocytes and comparison 
with the cytoplasm of the progranulocytes (promyelocytes) should 
readily indicate their source 

1 Tileston VV Familial Shift to the Left of the Leukocytes (Pelger s Nuclear Anomaly 
of the Leukocytes) with Report of a Case Ann Int Med n 675-681 (Oet ) 1937 

’Cooke VV E The Macropolj cyte J Lab and Clin Med 19 453 (Feb ) 1934 
Jones 0 P Origin of Neutrophils m Pernicious Vnemia (Cooke s Macropoljcv tes) 
Biopsies of Bone Marrow Arch Int Med 60 1002-1015 (Dec ) 1937 

* Osgood E E Fenestration of Nuclei in Lymphocytes A New Diagnostic Sign in 
Infectious Mononucleosis Proc Soc Exper Biol i. Med 33 218-219 (Nov) 1935 
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G Prognostic Significance of Neutrophil Changes '—In general 
the per cent of neutrophils, the toxic changes in neutrophil morphology, and 
the degree of increase m the immature forms are indications of the severity 
of the injection, and the total white cell count is an indication of the resist 
attce of the individual A decrease m the total count with a persistently 
high or increasing percentage of neutrophils, particularly the immature 
forms, is an unfavorable sign An overwhelming infection with any of 
the organisms which ordinarily lead to a neutrophilic leukocytosis may 
result in a relative neutrophilia with a normal or decreased total leuko 
cyte count If, with such low counts, the neutrophilia is absent and 
only a preponderance of immature neutrophils is present, the prognosis 
is still worse It is in these cases in which a neutrophilic leukocytosis is 
expected but not found in which the separation of the rhabdocytes 
(“staff” cells) and other immature neutrophils from the lobocytes 
(segmented forms) is of most value Malaria is the chief exception to 
the rule that a rhabdoc) te (staff cell) count of over 50 per cent indicates 


a grave prognosis 

Indexes are available for comparing the total increase m leukoev tes 
with the increase in neutrophils An increase of 5 points in the neutro 
phil percentage is usually stated to be associated with an increase of 
5000 in the total leukocyte count, with 10,000 leukocytes and 75 per 
cent neutrophils as the base line, if the resistance of the patient is keep- 
ing pace with the seventy of the infection A proportionately high 
total count would be a favorable point in forming the prognosis and 
vice versa This is of some value, if the age vanations in the leukocyte 
count are kept in mind and otherfactors are also given due consideration 

In children, of course, a neutrophilic percentage which might be 
normal in the adult may constitute a definite neutrophilia, and, on 
the other hand, an increase in immature forms has not as serious a 


prognostic import as an equal increase would have in an adult 

Certain changes in the morphology of neutrophils have been shown 
to indicate a grave prognosis These changes (Plate VI) are baso 
philia of the cytoplasm, toxic granules, and the appearance of vacuoles 
The cytoplasm of the neutrophils is normally lilac in color like the 
granules, but paler In seriously ill patients, it may be a deep blue 
The normal neutrophil granules are fine, uncountably numerous, and 
lilac staining Toxic granules are relatively few in number, large in 
size, and violet or purple in color Only an occasional vacuole is seen 

* Harkins H N The Present Status of Blood Examinations in the Diagnosis o 
Surgical Infections with a Study of 27 Indices of Infection Reported in the Litera 
Sure Gyn and Obst 50 48-61 (July) 10x4 _ 

Meyer H F The Prognostic Significance of the Leukocyte Count in Pneumo 
Children Am J Med Sci j8i 245 (Feb) 1931 
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in a normal neutrophil Vacuoles may be very' numerous m the 
neutrophils of senouslv ill patients If these changes are graded on the 
scale of i to 4 plus, it will be found that less than io per cent of patients 
who show 3 to 4 plus changes live longer than a week 1 Rosenthal and 
Sutro 3 divide the number of neutrophils showing toxic changes by the 
total number of neutrophils and multiply b} ioo to get the degeneration 
index, a persistent degeneration index of ioo often presaging a fatal 
outcome 

III THE SEDIMENTATION RATE OF THE RED CORPUSCLES* 

This test is so simple and so valuable if properl} interpreted that it 
should be done routinely on all patients examined It should be 
regarded as a somewhat different and sometimes more sensitive criterion 
of bodilj reaction to injury than are fever and leukocytosis Hence, 
its chief value is not in differential diagnosis, but m following the 
progress of the individual cast A normal rate does not exclude disease, 
but a rapid rate even in a patient thought to have hjstena or with no 
complaints is a valuable and easily secured indication for further study 

A large number of methods have been proposed for this dctermina 
tion, all of which gives results of clinical value The Cutler * Linzen 
mcier, Wmtrobc 5 and Westergren methods are the ones most com 
monlj used The modified U'estcrgren method given on pagejor has 
all the advantages of these methods and is much more rapid and convcn 
lent The results arc not quantitativelj transferable from one method 

’Osgood E E Falmer A and Pollard U T Death Accurately Predicted from 
Leukocyte Morphology To be published 

* Rosenthal N and Sutro C J The Blood Picture in Pneumonia with Special Refer 
ence to Pathological Changes in Neutrophils Am J Clin Path 3 181-157 (May) 1933 

Kugcl VJ \ and Rosenthal \ Pathologic Changes Occurring in polymorphonuclear 
Leulocj tes Dunng the Progress of Infections Am J Med Sci 1S3 6j7(Ma>)igjj 

Sutro C J Cytoplasmic Changes in Circulating Leukocytes 10 Infection Vrch 
Int Med 51 747-7S1 (May) 1933 

* Fjhraeus K The Suspension Stability of the Blood Physiol Rev 9 141-174 
(Apnl) 1919 

lundgren R Study of the Sedimentation of the Blood Corpuscles Acta med 
Scandmax 67 63-104 *917 

Rourkc Dorothy 'I and Plass I D Vn Investigation of Various factors which 
Affect the Sedimentation Rate of the Red Blood Cells J Clin Invest 7 365-386 
(Vugujt) ipjp 

J eterman M C and Seegar S J Sedimentation Reaction in Children \m J 
Du Child 47 * 61 - 73 ® (April) 19:9 

Lefikowjtx M Die Bluthbrperchensenkung Irfahrungen und Bencbt Qher die 
Uteratur der letatcn drei Jahrc lp 39 Lrban and Sch warren berg Berlin t03J 

Bannick I C ( regc K 0 and Guernsey C M The I r^throcyte Sedimentation 
Rate The Adequacy of a Simple Test and Its 1 radical Vppheation to Clinical Medicine 
J A hi A 109 jjs?-ii6j (Oct 16) 193 

'Cutler J \\ The I radical Vppheation of the Blood Sedimentation Test In General 
Melicine Obsenalnns Based Upon Vpprosimately 5000 Patients Over a Period of Sit 
Vearj Am J Med Sci ifl« 643 {'lay) 19!* 

‘VVmtrobe M M and Landsberg J VV A Standardised Technique for the Blood 
Sedimentation Test Anj I M Sc. 169 ro?-it5 (J*n ) 1935 
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to another, but the degree of increase in rate will be roughly propor 
tioiul in the different methods Hence, though I give figures only 
for the recommended method, all conditions giving rapid rates with this 
method will show comparable increases m rate with other methods 
The forty five minute reading by the preferred method and the one hour 
reading b> the original Westergren technic will correspond fairly 
closely Corresponding values for the Cutler and Lmzenmeier methods 
may be calculated from the data of Greisheimer, Treloar and Ryan 1 
The rate is affected by room temperature 5 and bv any alteration in 
plasma viscosity, or m numbers, size, or hemoglobin content (specific 
gravity) of the erythrocytes, but to a very slight extent as compared to 
the effect of the state of aggregation of the corpuscles Clinically 
significant increases in rate are due almost entirely to clumping of the 
corpuscles into larger aggregates than usual This tendency to clump 
ing shows a high correlation with changes in the plasma protein content 
Increase m globulin and particularly in fibrinogen or decreased albumin 
tend to cause an increase in clumping and, therefore, in sedimentation 
rate Increase in albunun has an opposite effect 

A Normals 3 — A sedimentation of not over 5 mm in the first 15 
minutes, and not over 15 mm in the 45 minute period is the strict nor 
mal Anything over 30 mm m the 45 minute period may be regarded 
as definitely pathologic The rates tend to be higher in women by 3 to 
4 mm in 45 minutes than m men and to be higher dunng menstruation 
than at other times, but the lines of demarcation have been placed 
sufficiently high to include these physiologic variations m the normal 
values Rates in the newborn are low, averaging o 5 mm m 15 minutes 
and 2 o mm in 45 minutes The range which includes 95 per cent of 
results is less than 5 o mm in 45 minutes based on a study of 200 chil 
dren, about 10 boys and 10 girls being studied on each of the first 10 
days of life In children the rate is the same as in adults 

B Interpretation * — The interpretations given are based on expen 
ence m the author’s laboratory with more than 100,000 determinations 
by the method recommended As is true with fever and leukocytosis, 


Am J Med Sci t 7 6 air (Aug) 1928 
rrds Arch Int Med 56 849-863 (Nov J 


* Greisheimer Esther M Treloar A E and Ryan Mary The Inter Relation 0 

CuUer Lmzenmeier and Westergren Sedimentation Tests Am J Med Sci 107 3 

(leb ) 1934 

* Gordon 

mentation Rate of the Red Blood Corpuscles 

* Osgood E E Normal Hematologic Standards 

I?3 « Haskins H D Trotman F E Osgood, E E and Mathieu A A Rapid Method 
for Determination of the Sedimentation Rate of the Red Cells with Results in Healt 
Disease J Lab and Clin Med r6 487-494 (Feb ) 1931 TK . c e di 

Mathieu, A Trotman, F E Haskins H D , Osgood E E and Albert J The bem 
mentation Rate in Gynecology and Obstetrics Am J Obst and Gynec ar *97 4 

(Teh ) 1931 
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an increased sedimentation rate should not be considered specific for 
an> one condition The chief value of the method is in calling atten 
tion to evidence of organic disease m a person who has been examined 
and thought to have only a functional disturbance It is also of value in 
following the course of an individual patient, an increase in rate 
indicating progression or the development of a complication, and a 
decrease in rate indicating improvement or development of diffuse liver 
damage The method recommended has all of the advantages of the 
graphic methods but is much simpler to do and record The three 
points, o at o time, the reading at 15 minutes, and the reading at 45 
minutes indicate the type of curve which a graph would show If the 
1 5 minute reading is one-third or less of the 45 minute reading, the curve 
is a straight line, and if the 45 minute value is within normal limits it 
corresponds to the horizontal line as interpreted in graphic methods 1 
If the 45 minute reading is greater than normal it corresponds to the 
diagonal line in the graphic methods If the 15 minute reading is 
more than one third of the 45 minute reading and less than two thirds 
of the 4s minute reading it corresponds to the diagonal curve in the 
graphic methods If the 15 minute reading is more than two-thirds of 
the 45 minute reading it corresponds to the vertical curve in the graphic 
methods and indicates extremely rapid sedimentation 

Some authors 2 recommend correcting sedimentation rates for anemia 
or decreased red cell volume Such a correction,* however, makes a 
relatively simple procedure complicated and, in my opinion, is more apt 
to be misleading than helpful since often corrected rates will give 
ridiculous results of less than o sedimentation and many patients with 
anemia, especially pernicious anemia, have normal sedimentation rates 
unless the illness is complicated b> other disease It seems more 
practical to interpret sedimentation rates of less than 50 mm in 45 
minutes with caution in persons with anemia 

The causes of increased sedimentation rate are very numerous and 
include practically all conditions in which there is extensive inflamma 
tion, toxemia, or cell destruction, as well as pregnane) The most 
important causes are 

1 Pregnancy 4 and the Puerperium — The rate has begun to 
increase b> the second month, although many values still fall within 

1 Cutler J The Graphic Presentation of the Blood Sedimentation Test A Study m 
I ulmonary Tuberculosis Am J Med Sci 171 882-yoi (June) rt>j6 

* Hambleton A and Christianson R A A Simplified Method of Correcting the Sedi 
mentation Rate for the Fffect of Cell Volume J Lab &. Clin Med 13 860-864 (May) 

* Cutler J \\ I ark I R and Iferr 11 S The Influence of Anemia on Illood Sedi 
mentation Am J M Sc 195 734-7S 1 (June) »93S 

4 This has been used as a test for pregnancy but the increase m rate occurs in too many 
other conditions and is too inconstant in the early months to be very reliable 
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normal limits Rates as high as 30 mm m the 45 minute period may 
occur In the third and fourth months, the average is about 30 mm and 
rates above 45 mm in 45 minutes or within normal limits are unusual 
In the fifth and sixth months the 45 minute reading averages about 
45 mm and rates up to 80 mm are not unusual In the seventh 
month, the average is about 50 mm and in the eighth and ninth months 
about 60 mm , while results under 30 mm or over 100 mm are unusual 
In nearly all cases more than two thirds of the sedimentation occurs 
after the 15 minute reading (aggregation occurs relatively slowly) An 
occasional normal reading may be found at anj time during pregnancy 

During the first five dajs of the puerpenum, a further increase 
occurs, averaging about 80 mm in the 45 minutes and ranging from 
40 to 120 mm There is a tendency for the 15 minute reading to be 
more than one third of the 45 minute reading In the next five 
davs, the rate drops rapidly and after that more slowly, averaging 
about 20 mm in the second month post partum and reaching normal 
values b> the end of this month in uncomplicated cases 

2 Infectious Diseases —The rate is increased in all of the acute 
infectious diseases and m the active stages of the chronic infectious 
diseases The rate increases as a rule even when the leukocyte count 
is atypical for the condition The degree of increase of rate is greatest 
in pneumonia (all types, often over 100 mm in 45 minutes), but the 
degree of increase is so vanable that it has almost no differential diag 
nostic value A normal rate is sufficiently rare to constitute an indica 
tion for the reconsideration of the diagnosis even though the leukocyte 
count may be increased The rate tends to remain elevated longer than 
the temperature and leukocyte count and ma> prove a more valuable 
entenon of the progress m the convalescent period In tuberculosis 
and syphilis the rate tends to be increased during the active stages 
and to decrease or be normal in latent or healed phases, but as coryza, 
sinusitis, and other frequently overlooked infections may increase 
the rate, unexpected results are frequent Miliary tuberculosis is 
usually associated with a more rapid rate than the leukocyte count 
and clinical picture would lead one to expect Nephrosis tends to 
give a more rapid rate (due to the high fibrinogen and low albumin) 
than other ev idences of inflammation would suggest The rate is rapid 
in active rheumatoid arthritis and is normal in hypertrophic arthritis 

3 Accumulations of Pus — The increase in rate seems to depend 
more on the area of absorbing surface exposed to the pus than on the 
virulence of the infection Increase in rate is slight or absent w 



DISORDERS OF THE LEUKOPOIETIC S\STEM 


257 


uncomplicated acute appendicitis, but constant and marked in acute 
salpingitis, which often has differential diagnostic value Pleuris}, 
empjema, and abscesses seldom fail to cause a great increase in rate 
For some unexplained reason, in peritonitis the rate is sometimes 
normal or even decreased, but a rapid rate is more common As in 
infectious diseases the course m repeated rate determinations tends 
to decrease more slow!} than the temperature and leukocjte count 
They are thus of some prognostic value and are used b} man} as a 
guide for the ttmc of operation in salpingitis 

4 Malignant or Necrotic Tumors — The sedimentation rate is 
increased at some time in the course of most malignant tumors, but 
this occurs late as a rule and ma> be absent It is probabl} related 
to tissue destruction necrosis of the tumor mass or secondar} infection 
Benign tumors do not increase the rate unless undergoing necrosis 
or ulceration Peptic ulcers if uncomplicated do not increase the 
rate A low rate ma}, therefore, be used as a point m the differentia! 
diagnosisof these conditions from malignant tumors and an unexplained 
increase in rate, especially if the lcukocvtc count is normal, should 
tcad one to think of malignant tumors 

5 Internal Hemorrhage — Increase in rate (probabl} due to the 
associated tissue lesions) occurs in fractures ruptured ectopic preg 
nanc}, cerebral hemorrhage and m the lacerations of muscles or 
ligaments commonl} called a sprain In unruptured ectopic preg 
nanc}, the rate is usuall} not increased which ma} aid in differentiating 
it from acute salpingitis 

6 Diseases of the Blood and Blood Forming Organs —The rate 
is usuall} increased m anemias and leukemias but relative!} slighth 
in proportion to the decrease in red cells or increase in Icukocvtcs 
Rapid rates associated with a low red cell count must be interpreted 
with caution A decreased rate is the rule in pol} c} thcmia 

7 Extensive Liver Disease — This ma} lead to a decreased rate 
due to decreased blood fibrinogen or to no ‘sedimentation at all On 
the other hand the decreased albumin with reversal of albumin 
globulin ratio in liver disease mav lead to an increased sedimentation 
rate so that either normal low or high rales ma} occur but a vtr} low 
rate or no sedimentation at all should lead one to think cither of severe 
diffuse liver disease or pol>cv thcmia rubra vera 

S Miscellaneous Conditions The sedimentation rate begins to 
increase a dav or s<> following a coronarv occlusion and is most rapid 
on the fifth to the eleventh davs, returning to normal within three 
weeks to a month In allergic di*< a«cs or heart disease not associated 
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with active infection, the sedimentation rate is normal Operative 
procedures may cause a temporary increase m rate which returns to 
normal as the wound heals 

In general a sedimentation rate of 15 to 30 mm in 45 minutes should 
be regarded as a slight increase, of 30 to 50 mm as a moderate increase, 
of 50 to 100 mm as a severe increase, and over 100 mm as an extreme 
increase It is also of some significance if more than one third of the 
sedimentation occurs in the first 15 minutes, since usually distinctly 
less than one third of the 45 minute sedimentation has occurred in 
this time The sedimentation rate is a supplement to, but not a 
substitute for, repeated leukocyte counts 

IV BACTERIOLOGIC METHODS 

It is not intended that this book should substitute for a textbook of 
bacteriology but it is desirable to review in connection with this chapter 
on infectious diseases the chief indications for bactenologic studies and 
the common sources of error in interpreting the results of such studies 

A Indications — Smears and cultures are indicated whenever 
evidence of infection is obtained This is now doubly important since 
specific antiserums and drugs such as sulfanilamide and related com 
pounds which are effective against certain organisms are available 
The presence of accessible pus, whether in the nares, sinuses, middle ear, 
sputum, pleural cavity, abdomen, hollow viscera, spinal fluid, or in 
urine obtained by catheter, or confined in an abscess, or draining from 
any sinus or onfice, constitutes an indication for smears for staining with 
methylthiomne chloride (methylene blue), Gram or Ziehl Neelsen stains, 
cultures on suitable media, or ammal inoculation to identify the causa 
tive organism The common mistake is to forget to take the culture at 
the first opportunity, that is until after the abscess is opened and drained 
and secondary infection has occurred Blood cultures are indicated 
whenever typhoid fever, pneumonia, undulant fever, subacute bacterial 
endocarditis, puerperal sepsis or a remittent fever suggests blood stream 
infection The pathogenic organisms for which culture is desired should 
be indicated so that suitable media for the growth of the particular 
organism or organisms may be selected 

B Interpretation — The presence of an organism of typical 
morphology m the stained smear means that and nothing more so that 
clinical evidence of the disease or proof by culture or animal inoculation 
of the identity of the organism is essential before the nature of a disease 
is established For example, Gram negative intracellular diplococci in a 
urethral smear will, in the majority of instances, prove to be gonococci 
and organisms of the same morphology in a smear from centrifugated 
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spinal fluid will usually prove to be meningococci, but gonococcus 
meningitis occurs and Gram negative organisms resembling the gono 
coccus may be present m urethral or cervical smears Acid fast 
organisms resembling the tubercle bacillus may be found in urine In 
stool and throat cultures man} organisms are alwa> s present and the 
actual organism responsible for the disease may not grow on the media 
selected Cultures of foul smelling pus often prove sterile or show 
growth of an organism that js a secondary invader, whereas smears 
stained properl} for identification of Vincent’s organism or anaerobic 
cultures might reveal the true diagnosis Taking smears alone maj fail 
to reveal organisms that are less numerous than 500,000 per cc , and 
taking cultures alone maj fail to reveal organisms easil} demonstrable 
by direct smears which will not grow on the media used 

V AGGLUTINATION AND COMPLEMENT FIXATION TESTS' 

A Indications — Serum for these tests should be sent to the 
laboratory whenever sjphilis, infectious mononucleosis, typhoid fever, 
undulant fever 2 or t}phus are considered in the differential diagnosis 
B Interpretation — In the majority of conditions the tests are 
positive onl} after the disease has been present for a week or more 
In some patients w ith these diseases the tests may never become posi 
tive Positive tests may persist long after the disease process has 
become latent or the patient has recovered Positive tests for many of 
the diseases may be present for some time after vaccination for preven 
tion of the particular disease Furthermore, there is cross agglutina 
tion between a number of related organisms and some of the tests 
depend on use of a nonspecific antigen, so that all that can be concluded 
from a single positive test is that the patient has circulating in the blood 
or present in the fluid tested antibodies which will react with the antigen 
used If the titer rapidly increases it is strong evidence that the immun 
izing process is continuing and that actual infection is present but 
cross agglutination or agglutination due to related antigens must 
be excluded b} the history and agglutinin absorption tests 

The interpretation of serologic tests for s}philis and of the Paul and 
Bunnell test requires further comment 

1 Serologic Tests for Syphilis 3 — Since this book is defined as 
a text for medical students and for practicing physicians the technic 

‘Standard textbooks of serology and immunologj should be consulted 

* Evans Alice C Robinson F H and Baumgartner Leona Studies on Chronic 
Brucellosis IV An Evaluation of the Diagnostic Laboratory Tests Pub Health Rep 
S3 *507-15*5 (Aug 26) 1938 

* Cumming II S Hazen, II II Sanford A II Senear F E Simpson W SI and 

Vonderlehr R A The Evaluation of Serodiagnostic Tests for Syphilis m the United States 
Report of Results Ven Dis Inform 16 189 (June) 1935 JAMA 104 2083 ft) 
*935 * 
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of these tests is not given The reason for this is that such tests should 
always he performed by a trained scrologist who is thoroughly familiar 
w ith the complete description of the tests as outlined by the originators 1 
The Kolmer complement fixation test and the Kahn and Kline agglu 
tmation tests as performed bv a competent serologist accord 
ing to the directions of the originators are very reliable if properl) 
interpreted 

Ideally, since syphilis is often not detected by the history and 
physical examination, one of the agglutination tests and a complement 
fixation test should be performed on the blood of each patient seen 
whether there is any clinical evidence of syphilis or not 'Terformance 
of only the agglutination or the complement fixation test will miss 
only about 5 percent of positives which would be recognized if both were 
done If positive tests are obtained by one of these methods it is 
desirable to have the test repeated by the other method and also checked 
in a different laboratory to be sure that no error has occurred due to a 
mixup of specimens In untreated patients without clinical evidence 
of syphilis only a 3 or 4 plus report should be regarded as positive and a 
i or 2 plus report should be regarded as doubtful and an indication for 
repeating the test at intervals '’A negative test does not exclude 
primary, latent or most forms of tertiary sy philis nor does it constitute 
evidence that sufficient treatment has been given negative test on 
the blood and cerebrospinal fluid is strong evidence against a diagnosis 
of secondary sy philis or general paresis in an untreated patient Nega 
live tests are uncommon in sy philis of the liver Positive tests occur 
more often in syphilis than in any other disease but an appreciable 
percentage of patients with leprosy and malana will show false positive 
tests and nearly all patients with yaws and bejel will show positive 
tests for syphilis There is much evidence, however, that yaws and 
bejel are only forms of syphilis If these diseases and infectious mono 
nucleosis are excluded a positive test properl v checked nearlv always 
means the presence of syphilitic infection even though many negative 
tests have been secured before or after the positive one 

2 Paul and Bunnell Test for Infectious Mononucleosis This 
test is indicated whenever sore throat, associated with generalized 
lymph node enlargement and the presence of prolymphocytes in the 

1 Kolmer J A Serum Diagnosis by Complement fixation with Special 1 ? 

Syphilis The Principles Techmjue and Applications Pp S®3 hea ana o 
Philadelphia 1028 , „ „ 

Kahn R L The Kahn Test A Practical Guide Pp 201 The Williams a 
Wilkins Co Baltimore 1028 , 0 f 

Kline B S Microscopic Slide Precipitation Tests for the Diagnosis and t. 

Syphilis Pp 99 Williams and Wilkins Baltimore 1932 
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blood leads one to consider the diagnosis of infectious mononucleosis 1 
It is also indicated in patients with abdominal pain simulating appendi 
citis if the leukocyte count fails to show a neutrophilia 

Sheep cells are not agglutinated by the serum of normal persons in 
dilutions greater than 1 to 16 The presence of agglutination in a dilu 
tion greater than 1 to 32 occurs onl> in infectious mononucleosis or in 
serum disease In infectious mononucleosis the agglutination is usually 
present in dilutions of 1 to 64 to 1 to 5000 In acute lymphoc>tic 
leukemia, the disease most likely to be confused with infectious mono 
nucleosis, the heterophile antibodies maj be entirely absent oragglutin 
ation maj occur in a dilution of onl> 1 to 4 Davidsohn has developed 
absorption testswhich will differentiate agglutinins present in infectious 
mononucleosis from the heterophile antibodies present in serum disease, 
but the history is usually adequate to make this diagnosis 

VI QUANTITATIVE DETERMINATION OF SULFANILAMIDE OR 
SULFAPYRIDINE 

Sulfanilamide or sulfapyridine determinations are indicated in the 
accurate control of therapy with these drugs The quantity of either 
of these drugs should not be allowed to fall below 1 mg per 100 cc in the 
blood at any time during the 24 hours, and they are most effective 
if the concentration is between 5 and 15 mg per 100 cc Toxic symp 
toms are likely to occur if the blood level exceeds 15 mg per 100 cc 
In the treatment of infections of the urinary tract the le\el should be 
between 50 and 100 mg per 100 cc of unne 

Other laboratory tests in infectious disease are given under the 
names of the particular diseases in the Index by Diseases 

VII THE DIFFERENTIAL DIAGNOSIS OF LEUKEMIAS* 

Leukemia should be considered in the differential diagnosis whenever 
enlargement of the spleen and lymph nodes, bleeding into the skin or 

* Bernstein A Antibody Responses in Infectious Mononucleosis J Clin Invest 13 
4«9-43S (May) 1934 

* Davidsonn I Test for Infectious Mononucleosis Am J Clin Path 8 56-60 
(Mar ) 1938 

1 Forkner C E Leukemia and Allied Disorders Pp 333 The Macmillan Company 
New York 1938 

Kracke R R and Carver Hortense Diagnosis of Leukemic States JAMA, 
104 697-702 (Mar 2) 1935 

Rosenthal N and Harris W Leukemia JAMA 104 702-706 (Mar 2) 1935 

Riddle M C and Sturgis C C Basal Metabolism in Chrome Myelogenous Leukemia 

Arch Int Med 39 255-274 (Feb ) 1927 

Krantz C I and Riddle M C The Basal Metabolism in Chrome Lymphatic Leu 
kemia Am J Med Sc 175 229-242 (Feb) 1928 

Baldridge C W , and Fowler W M Aleukemic Myelosis Arch Int Med « 
«S!-8rf (Dec.) I 9 „ 
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from the mucous membranes, sore throat, stomatitis, or normocytic 
anemia with either leukopenia or leukocytosis are found Although 
the etiology of leukemias is not definitely established it is probable that 
they are malignant tumors of one of the cells in the senes corresponding 
to the type of leukemia The more immature the cell which has under 
gone malignant changes, the more acute is the leukemia The funda 
mental pathology is in the marrow, lymph nodes and s pleen The 
presence or absence of a leukemic blood picture has little or no influence 
on the clinical course or prognosis Leukemias may be classified 
as to type according to whether the cells belong to the granulo cj te 
(myeloid), 1> mphocyte, jnonocy te, plasmacyte, or thrombocyte se’rieT 
The granulocytic (myelogenous) Jeukemias may-be~ fur tHer 3 assified 
into the common granulocytic (myelogenous) leukemia in which neutro 
phils, eosinophils and basophils are all affected and which is probably 
a malignant tumor of the progranulocyte A (prom>e!ocyte II), and 
into neutrophilic, eosinophilic or basophilic leukemias which probablj 
represent malignant tumors of the corresponding progranulocyte S 
(prom>elocyte I) Granulocytic (myelogenous) and Iymphoc>tic 
leukemias are common, monocytic leukemia is somewhat less frequent 
but more common than is generally recognized, and plasmacj tic, 1 
eosinophilic 2 and basophilic leukemias are rare 

Leukemias are classified as leukemic if the total leukocyte count is 
over 15,000 in th eblood and over 10 per cent of the cells m the blood are 
immature, or in the case of chronic 1 > mpho^tic'leutemia^ over 7 °P er 
cent of the cells are lymphocytes They are classified as subleukemic 
if the total leukoc> te count is 15,000 or less and o 1 to io per cent of 


the cells in the blood are immature cells of the involved senes Theyare 
classified as aleukemic if the total count is under 1 ^.000 and les s_than_ 
o 1 per cent of the cells present in the blood are immature cells of the 
involved senes In all patients with leukemia it is desirable to survey 
a large number of cells at a magnification of 2oo_times_as described on 
page 482, looking for cells larger than the neutrophil Iobocytes (poty 
morphonuclears) and examining these under hig her ma gnification 
More information may be derived from such a study than from the 
differential count If the total leukocyte count is less than 6,000 it is 
desirable to centnfugate the^ bl ood and study the_buffy coat In a 
types of leukemia the n ucleoli of the cells involv ed tend to be larger m 

> Osgood E E and Hunter \V C Plasma Cell Leukemia Fol Haematol 5 * 3 6 T 

1 Hay J and Evans W H Acute Eosinophilic Leukemia and Eosinophilic Erythro 
leukemia Quart J Med , 22 167-186 (January) 1919 „ _ . . or 

Forkner, C E Teng C T Chu Y C and Cochran W Eosinophilocytic T 
Eosinophilic Myelogenous Leukemia Chinese M T 51 609-618 (May) *537 
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proportion to the area of the nucleu s than in the cells.o£-the same type as 
seen in normal marrow This has been found 1 true of carcinoma cells 
also Stomatitis is likely to occur if the neutrophils are less than 10 
per cent of the leukocytes in the blood 

Leukemias are classified as acute, subacute or chronic according to 
the clinical course and the predominant stage of the affected cell series 
present in the narrow Since the characteristics of the different types 
of leukemias differ little, only \anations from the typical course will be 
given 

A Acute Leukemias —In acute leukemias enlargement of the 
lymph nodes and spleen is frequent but may be absent Petechiae m 
the skin and bleeding from the mucous membranes are common 
Stomatitis or sore^ throat very often develops Fever is nearly always 
present Normocy tic_nnemia of the myelophthisic type develops 
rapidly, the total leukocyte count may be anything between 1,000 and 
1,000,000 per c mm , but counts under 100,000 ace most common 
The blast or stem cell stage usually accounts for more than 1 0 p er cent 
of the cells in the marrow and in the leukemic cases in the blood Few 
cells in the marrow are more mature than the pro stage The basal 
metabolism is elevated No known therapy will appreciably prolong 
life which is usually a matter of only a few weeks from the onset and 
nearly always less than 6 months X ray therapy usually makes 
the patient more uncomfortable Sodium perborate and hydrogen 
peroxide treatment of the mouth and gums may prevent development of 
stomatitis or sore throat Most of the acute leukemias were once 
thought to be of the ly mphocy tic ty pe since progranulocy tes (promy elo 
cytes) may be indistinguishable from proly mphocy tes in the Wright’s 
stain Since the use of the peroxidase stain it has been found that 
acute granulocytic (myelogenous) leukemias are more common than 
acute lymphocytic leukemias Acute monocytic leukemias* are rcla 
lively common and differ from the other acute leukemias chiefly in a 
greater tendency to swelling of the gums and in the development of 
nodular skin lesions The identification is made by finding promono 
c >tes and monoblasts in the blood or increased in the marrow 


B Subacute Leukemias — In these, the clinical picture is similar 
to that described for acute leukemias but the tendenev to hemorrhage 

1 MacCarty V C Identification of the Cancer Cell J A M A 107 844-843 (Sept 
*0 1936 

’Osgood F E Monocytic Leukemia Report of Six Cases and Review of 117 Cases 
Arch Int. Med 59 931-9*1 (June) *937 ... 

Uameshek \V Acute Monocytic (Histiocytic) Leukemia Review of the Literature 
*nd Case Reports Arch Int Med 46 7/8-7 40 (Oct ) iq 33 

Clough P \V MonocyUc Leukemia Bull Johns Hopkins Hosp 3: 148-177 (Sept ) 
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and stomatitis develops later and the clinical course is usually 6 months 
to a year The predominant cell in the marrow is the pro stage and, as 
in acute leukemias, more mature cells are relatively scarce Fever is 
usually absent in the first few months but develops later Therapy 
has little influence on the course except for the value of sodium per 
borate and hydrogen peroxide in controlling the mouth infection 
X-ray therapy is occasionally desirable to relieve pressure symptoms 
from enlargement of the spleen or ly mph nodes 

C Chronic Leukemias — In chronic lymphocytic leukemia the 
lymphocyte is the cell increased in the marrov. and prolymphocj tes 
and lymphoblasts are scarce or absent m the blood In all other 
types of chronic leukemias the diagnosis is based largely on finding 
an increase in the pro stage in the blood or marrow but the more 
mature stages are also present Leukocyte counts over 100,000 in 
the blood are more common in chronic leukemias than m acute or sub 
acute leukemias Chronic aleukemic or subleukemic leukemias also 
occur Enlargement of lymph nodes or spleen may reach a greater 
degree and is less often absent than in the acute or subacute forms 
Hemorrhage, stomatitis and fever are less common than in the acute or 
subacute forms The duration of life from the onset of symptoms 
vanes from 1 to 16 years but in the majority of instances is between 2 
and 6 years These patients are much relieved by deep X ray therapy 
if enlargement of ly mph nodes or spleen is causing pressure symptoms 
and may have months or years of useful and comfortable life Leuko 
pema not due to X ray therapy is not a contraindication to deep 
therapy nor is a very high leukocyte count an indication for deep 
therapy As a rule the longer deep X-ray therapy can be deferred the 
better 

I) Leukemoid Blood Pictures 1 — A leukocyte count m the blood 
above 200,000 occurs only in leukemias but counts over ioe,ooo have 
been reported in pertussis, especially if complicated by pneumonia 
The clinical picture differentiates this from chronic lymphocytic 
leukemia 

Counts of 50,000 to 100,000 may occur after large acute hemorrhage 
and, occasionally, in pneumonia or infection with the pyogenic organ 
isms In hemorrhage the history gives the diagnosis In the infections 
eosinophils and basophils are usually absent from the blood an 
progranulocytes (promyelocytes) rarely constitute more than 2 per cent 

J Krumbhaar, E B Leukemoid Blood Pictures in Various Clinical Conditions Am 
J Med Sc 172 519-532 (Oct ) 1926 
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of the cells present, whereas in chronic granulocytic (myelogenous) 
leukemia, eosinophils and basophils are usually present and the pro 
granulocytes (promyelocytes) constitute a higher percentage of the 
cells present 

In patients with counts between 6 000 and 50,000, smallpox, acute 
osteomyelitis, Hodgkin’s disease, 1 > mphosarcoma, tumors involving 
the bone marrow, severe infections, polycythemia rubra vera, and acute 
hemorrhage have to be differentiated from chronic granulocy tic (my elo 
genous) leukemia The history, physical findings bacteriologic studies, 
and often examination of a lymph node as well as examination of 
sternal marrow may be necessary to make the diagnosis with certainty 
Multiple bee stings may result m a blood picture simulating chronic 
granulocy tic (my elogenous) leukemia 

Miharv tuberculosis 1 is associated with the blood picture of subacute 
or chronic granulocytic leukemia too frequently to be coincidence 
Some believe this leukemoid blood picture to be due to involvement of 
the marrow by the tuberculous process Others, with whom I agree, 
believe that the leukemia is primary, softening quiescent tuberculous 
lymph nodes and allowing the bacilli to enter the blood stream 

The aleukemic leukemias and some of the subleukemic leukemias m 
^hich le ukop enia, normocytic anemia and thrombopema occur may 
be difficult or impossible to differentiate from aplastic anemia without 
examining the sternal marrow The presence of large numbers of imma 
ture cells in the marrow easily differentiates leukemia from aplastic 
anemia m which there are few or no nucleated cells and these chiefly 
lymphocytes The total nucleated cell count in the marrow of a 
leukemic patient is usually over 25 ooopcrc mm and often over 70 000, 
whereas in patients with aplastic anemia the nucleated cell count in the 
marrow is less than 6,000 and often less than 1,000 per c mm The 
presence of normal or increased rcticulocy tes in the blood or marrow 
favors a diagnosis of leukemia rather than aplastic anemia The group 
of splcnomegahc anemias is differentiated by the absence of enlargement 
of the ly mph nodes and by the normal sternal marrow picture The 
color, volume and saturation indexes and response to antipcrmcious 
anemia principle will usually differentiate pernicious anemia, but in rare 
instances patients w ith aleukemic or subleukemic leukemias w ill develop 
a macrocy tic anemia This docs not respond to liver extract, however 
The differentiation of leukopenic, aleukemic or subleukemic leukemias 
from agranulocytosis has been discussed The differentiation of sub 

1 Jafff K II Tuberculosis and Leukemia \m Ke\ Tuberc t, 3* (Jan ) 1933 
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DISORDERS OF THE HEMOSTATIC MECHANISM WITH 
ESPECIAL REFERENCE TO THE HEMORRHAGIC 
DISEASES 


I PHYSIOLOGY AND BIOCHEMISTRY OF HEMOSTASIS 1 


Much is known in this field but a great deal of speculation about the facts 
has been done so the known facts will be given first and the theories later 

A Factors Which Prevent Coagulation — It is known that the addition of 
suitable concentrations of soluble oxalates, citrates or fluorides prevents coagula- 
tion Oxalates precipitate calcium and citrates and fluondes form compounds 
from which calcium is not ionized Rapid cooling of the blood or collecting the 
blood in paraffined or oiled containers which have no wettable surface prevents 
or delays coagulation Hepann, a substance related to the carbohydrates and 
derived from liver or muscle tissue, will prevent coagulation for a time when 
added to blood in sufficient concentration Hirudin, a substance secreted by 
leeches, has a similar effect as do certain snake venoms High concentrations 
of neutral salts added to blood also prevent coagulation Intravenous injection 
of peptone but not addition of peptone to blood in vitro prevents coagulation 

B Factors Which Favor Coagulation.— Intravascular coagulation is favored 
by slowing of the blood current and by roughness or a break in continuity of the 
vessel walls Prompt intravascular clotting may occur if cephalin, tissue juice 
or ground up platelets are injected If platelets or tissue juice are not present 
a clot forms but fails to retract Retraction is normal if cephalin is added to 
such plasma Transfusion of whole or citrated blood supplies the substances 
necessary for coagulation m hemophilia, thrombopemc purpura, or the hemor 
rhagic syndrome associated with complete obstructive jaundice In vitro 
clotting is hastened by finely divided material with a wettable surface The 
larger the wettable surface in proportion to the amount of blood exposed the 
more rapid is the clotting Administration of vitamin K with bile salts reduces 
the bleedmg tendency in jaundice Calcium administration does not reduce the 
bleeding tendency in any known hemorrhagic disease and a hemorrhagic dia 
thesis is not associated with tetany 

C The Mechanism of Coagulation — Fibrinogen interacts with thrombin to 
form the clot Fibrinogen is the protein precipitated by lower concentrations 
of neutral salts than are necessary for precipitation of globulin and is normally 
present m a concentration of o 2 to o 4 per cent in blood plasma Thrombin, 


1 Best C H and Taylor N B The Physiological Basis of Medical Practice Pp 
t4o-!$5 William Wood and Company Baltimore 1937 „ /t,,M 

Howell W H Theories of Blood Coagulation Physiol Rev 1 s 435-47® U ul >' 

Eagle H Recent Advances in the Blood Coagulation Problem. Medicine 16 9 5 *3® 

(May) 1937 
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or thrombase, is formed when a protein compound known as prothrombin, or 
prothrombase, interacts with calcium 10ns in the presence of cephahn, tissue 
juice or disintegrating platelets Calcium ions apparently are not necessary 
after thrombin has been formed It is thought that the thromboplastic sub- 
stance derived from tissues, platelets and cephalm, sometimes called throm- 
bokinase, both inactivates heparin and aids in converting prothrombase or 
prothrombin to thrombase or thrombin Mellanby 1 has adduced much evidence 
to support the belief that prothrombin and thrombin are enzymes, hence the 
terms prothrombase and thrombase Vitamin K is apparently necessary for 
the formation of prothrombin by the liver A congenital deficiency of fibnnogen 
leads to hemorrhage In the diseases associated with decreased platelets and 
probably also with decreased tissue cephalm spontaneous bleeding occurs 
The deficiency in hemophilia is not understood but slight trauma is necessary 
to start bleeding and addition of normal plasma or platelets produces prompt 
coagulation 

D Vascular Permeability — -Bleeding may occur in the presence of normal 
coagulation and clot retraction if there is loss of continuity of the vessel wall or 
without such loss of continuity if the vessel walls are congenitally fragile or 
become damaged by anoxemia or toxins The vessel walls appear to be abnor- 
mally permeable to blood in all the conditions associated with low platelet 
counts and in the disease scurvy It is not yet known whether the altered 
permeability in scurvy is due to vitamin C itself or to a substance called vitamin 
P* or citrrn which is found closely associated with vitamin C m foods 

E The Role of the Spleen —Removal of the spleen m some cases of purpura 
hemorrhagica results m the prompt cessation of hemorrhage even though the 
platelet count remains low Recently, extracts of the spleen 3 have been pro- 
duced which, on injection, result in thrombopema and a hemorrhagic tendency 
This evidence suggests that the spleen has a regulatory influence on the produc- 
tion of some factor, probably cephalm, necessary for good hemostasis Specific 
antiplatelet serums have a similar action to splenic extract 

II TESTS OF VALUE IN HEMORRHAGIC DISEASES 

A Bleeding Time — This is indicated as a routine pre operative 
test and in any patient in whom spontaneous hemorrhages into the skin 
from the mucous membranes or from slight trauma indicate the possi- 
bility of a hemorrhagic disease 

1 Normal — The normal is 3 minutes or less 

2 Interpretation — The bleeding time is markedly prolonged m 
any condition in which the platelet count is low therefore, in all the con- 
ditions given on page 271 as causes for a thrombopema It is also pro 
longed in hemorrhagic disease of the newborn and in some patients with 

‘Mellanby J Heparin and Blood Coagulation Proc Roy Soc 116 1-9 (Sept 1) 
1934 

* Jersild T Therapeutic Effect of \1tam1n P in Schonlein Purpura Lancet r 1445- 
>447 (June 25) 1938 

3 Iroland C L and Lee F C Thrombocytopen A Substance in the Extract from the 
Spleen of PaUents with Idiopathic Thrombocj topenic Purpura that Reduces the Number 
of Blood Platelets JAMA 111 221-226 (July 16) 1938 
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complete or partial obstructive jaundice The platelet count must be 
less than xoo.ooo before the bleeding time is much prolonged in the 
thrombopenic group, but the platelet count is so much less accurate a 
determination that a bleeding time should be determined on any patient 
on whom a platelet count is indicated A platelet count is not neces 
sary unless there is clime'll evidence suggesting a hemorrhagic tendency 
or the bh eding time is found to be prolonged 

In hemophilia the bleeding time is normal 

B The Coagulation Time — This is usually determined as a 
routine before any operation, and in all cases jn which a hemorrhagic 
disease is suspected It is of practically no value unless determined bv 
the Lee and White method on blood obtained from the vein since even 
hemophiliacs have normal clotting if other methods are used, and in 
most other hemorrhagic diseases the coagulation time is normal 
Hemophiliacs usually know they have the disease 1 he bleeding time 
is far superior as a pre operative test for a hemorrhagic tendency 

1 Normals — These vary with the method used (sec page 503) 

2 The causes of prolonged dotting time are 

(a) Hemophilia — This gives the most marked delay It may 
require more than an hour for clotting to occur 

(b) Hemorrhagic Diseases 0/ the Newborn 

C Clot Retraction Time — This should be tested whenever the 
coagulation time is determined and in all cases of suspected hemor 
rhagic disease, particularly if the bleeding time is prolonged or the 
platelet count is low 

1 Normals — Retraction of the clot from the wall with separation 
of serum begins m one hour and is complete in 18 to 24 hours 

2 Interpretation — Retraction is normal in. hemophilia but is 
markedly delayed or fails to occur in all conditions listed below as 
associated with a low platelet count and m hyperproteinemia the causes 
of which have been given on page 40 

D The Capillary Resistance Test of Rumpel-Leede — This 
should be done in all persons showing a hemorrhagic tendency, who have 
been on a greatly restricted diet, are jaundiced or are thought to ha\e 
scurvy or vitamin K. deficiency and is of some diagnostic value when 
scarlet fever is considered as a possibility 

1 Interpretation — Normally no petechiae or ecchymoses appear 
In the following conditions which are associated with a decrease in 
capillary resistance or increased permeability, petechiae or ecchymoses 
may appear distal to the cuff or at its distal edge in a much shorter time 

(a) Idtopathic Purpura Hemorrhagica 
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(b) The Group of Symptomatic Purpura Hemorrhagicas (page 274) 

(c) Scurvy 1 

(d) Scarlet Fezer 

(e) In Some Patients with Vitamin K Deficiency 

Special methods of determining the capillar} resistance or bleeding 
time by using a vacuum cup have been devised and are of some value in 
research but are not necessary in clinical practice 

E Platelet Count and Morphology — The morphology of the 
platelets is described in the legend to Plate VII and should be reviewed 
at this time This is indicated in patients shoeing a tendency to apon 
taneous or prolonged bleeding and in all cases of suspected purpura 
hemorrhagica, aplastic anemia or leukemia A prolonged bleeding 
time, poor clot retraction or the presence of petechiae are specific 
indications for this examination 

1 Normals — In adults and children the platelets range from 
250,000 to 450,000 per cubic millimeter 1 In the new born and during 
the first year of life the range is about 100,000 lower All technics of 
platelet counting are subject to errors of plus or minus 50 to 100 per 
cent so only variations of 100,000 or over from the normals are signif- 
icant The hemorrhagic tendency does not usually appear until the 
platelets are below 60,000 

2 Thrombocytosis, or high platelet count This may occur in 

(a) Chronic Granulocytic {Myelogenous) Leukemia 

(b) Polycythemia V era (aids in differentiating it from secondary er> throcytosis) 

(c) Chlorosis 

(d) Chronic diseases associated with cachexia and malnutrition 

(e) Some acute infections erysipelas septicemia and acute articular rheumatism 
show the most marked changes The platelet count is usually greatly increased 
in monbund patients who show the toxic neutrophils indicating impending death 

Increase in the platelet count is of very little diagnostic value 

3 Thrombopema — This is more important The causes of 
thrombopema are 

(a) Idiopathic or Symptomatic Purpura Hemorrhagica — They may 
be as low as 10,000 per cubic millimeter and are rarely over 60,000 

(b) Pernicious Anemia — Counts between 80,000 and 200,000 are 
the rule, but a fall sufficient to give rise to a hemorrhagic tendency may 
occur 

‘Greene D Evaluation of the Capillary Resistance Test in the Diagnosis of Sub 
clinical Scurvj JAMA 103 4 (July 7) 1934 

* These values are for the method given on page 304 *Ihe values given for normal 
platelet counts vary with the technic used from 150000 to over 1 o million Olef I 
Blood Platelets An Improved Indirect Method for Thru Enumeration Arch Int Med 

58S-S96 (Oct ) 1933 
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(c) Idiopathic or Symptomatic Aplastic Anemia — This diagnosis is 
probably incorrect if the platelets are over 100,000 per cubic millimeter 

(d) Acute or Chronic Lymphocytic Leukemia and Acute Granulocytic 
( Myelogenous ) Leukemia — A platelet count may be of some value in 
differentiating these from the chronic granulocytic (myelogenous) form 
The low platelet count is not constant, however 

(e) At the onset of severe acute high fevers such as pneumonia, malaria, 
and typhoid, the platelet count is said to be diminished 

(f) Animals raised in the dark, or on a diet deficient in vitamin A develop a 
thrombopema, and this would probably apply to human beings, also 


F Vitamins C and P — In scurvy, vascular permeability is 
increased but it is not yet certain whether this is due to a deficiency of 
vitamin C or to an associated deficiency of vitamin P Since these 
deficiencies occur together and quantitative methods for vitamin C 
determination are available this determination is indicated whenever 
the capillary resistance test is positive or the history indicates possible 
scurvy or dietary deficiency 

1 Quantitative Vitamin C Determinations 1 — Several methods of 
estimating the vitamin C level m the body are available The most 
practical is the determination of the blood level Other methods depend 
on giving a standard dose of cevitamic acid and noting the unnary 
excretion or the time taken for the unnary excretion to reach a man 
mum Less vitamin is excreted if there is a deficiency than if the body 
is fully saturated 

(a) Normals — Tbe strict normal blood plasma level is o 8 to 1 4 ra g 
per 100 cc 

(b) Pathologic Results — Anything under o 5 mg per 100 cc indi 
cates definite vitamin C deficiency 

G Vitamin K and Prothrombin Time 2 — Deficiency of vitamin K 
leads to bleeding apparently due to a deficient production of pro 
thrombin Since no method is available for direct chemical determma 


1 Abt A r and Farmer C J Vitamin C Pharmacology and Therapeutics J A 
M A in 1555-1565 (Oct 22)1938 , _ „ T a xr A »rt 

Bessey 0 A. Vitamin C Methods of Assay and Dietary Sources JAM* 111 
I29&-129S (Oct i) 1938 , 

Smith S L Human Requirements of Vitamin C JAMA in I753 -I 7 6 4l 

5 I5 \Vnght, I S LiUenfeld A and MacLenathen Elizabeth Determination of Vitomm 

C Saturation A Five Hour Test After an Intravenous Test Dose Arch lot J*ie 

2 4 * Butt H S R I9 SneU A M and Osterberg A E Further Observations on the iUs« :of 
Vitamin K in the Prevention and Control of the Hemorrhagic Diathesis in cases j 
dice Proc Staff Meet Mayo Clinic 13 7S3-764 (Nov 30) 1938 ,-(,.662 

Quick A J The Nature of the Bleeding in Jaundice JAMA no i 6 S» l66J 
(May 14) 1938 
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tion of vitamin K, a deficiency is judged by the alteration in the 
prothrombin time 

1 Normals — More work is necessary before these can be accu 
rately delimited Prothrombin content below 50 per cent correspond 
ing to a prothrombin time of over 15 seconds indicates definite deficiency 

2 Pathologic Results — If the prothrombin is below 20 per cent 
or the prothrombin time is over 25 seconds, there is immediate danger of 
bleeding and transfusions may be necessary to prevent it The pro 
thrombin time is prolonged in all conditions associated with deficiency 
of vitamin K The most important of these is obstructive jaundice, 
but it seems probable that in hemorrhagic disease of the newborn and m 
persons on deficient diets such a prothrombin deficiency may develop 

III DIFFERENTIAL DIAGNOSIS OF THE HEMORRHAGIC DISEASES 
These are all characterized by a tendency to spontaneous hemorrhages into the 
skin (petechiae, ecchymoses), into the joints or from the mucous membranes or to 
excessive bleeding from slight trauma 

A Hemophilia — ' This is a sex linked hereditary anomaly occurring only in 
males 1 and transmitted only through females resulting in a tendency to excessive 
hemorrhage from slight trauma but not from small puncture wounds The hemor 
rhage is rarely, if ever, absolutely spontaneous but the trauma necessary to start it 
may be exceedingly slight The platelet count and bleeding time are normal 
The coagulation time is markedly prolonged but clot retraction is normal The 
capillary resistance is not decreased The best explanation so far offered is that it 
is due to an anomalous increased resistance of the platelets which do not break 
down until much later than is normally the case but a plasma factor may be 
responsible 

B Purpura Hemorrhagica 1 (essential thrombopenia or morbus maculosus Werl 
hofii) — -This is an acute or chronic intermittent disease characterized by a marked 
tendency to spontaneous hemorrhages into the skin and from the mucous mem 
branes It may affect either sex From a laboratory standpoint it is characterized 
by a marked decrease in the platelets (below 100 000 often as low as 5000 per cubic 
millimeter) and a resultant prolonged bleeding time, with normal or slightly delayed 
coagulation time but very poor clot retraction The Rumpel Leede capillary resist 
ance test is positive The few platelets which are present are often large As m 
hemophilia the erythrocytes leukocytes and hemoglobin are normal or show the 
deviations from normal which are to be expected from the amount and kind of 
hemorrhage which has occurred thus differentiating it from the group of sjmpto 
matte purpura hemorrhagica cases described below Splenectomy results in an 
apparently permanent cure of most cases of the idiopathic form 

Introduction of fresh platelets by three or four transfusions within 48 hours will 
produce a temporary cessation of hemorrhagic symptoms and thus permit the 
1 It is theoretically possible for it to occur in females (offspring of male hemophiliac 
and female transmitter) but this practically never occurs 

1 Eliason E L and Ferguson L K Splenectomy in Purpura Hemorrhagica Ann 
Surg 06 801-8*9 (Nov ) 1932 

Rosenthal N Thrombopemc Furpura JAMA hi 101-106 (Jan 14) igjg 
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The genotype corresponding to group 0 is 00, to group A is AA or 
AO, to group B is BB or BO, and to group AB is AB A and B are 
dominant over 0, consequently persons of genotype AO or BO cannot be 
separated from those of genotype AA or BB by agglutination tests 
It is evident (Table 14) that, knowing the group of the mother and 
child, it is possible to prove that a certain man could not be the father of 
the child, but it is never possible to prove that a particular man is the 
father of the child Tor example, if the mother belongs to group 0 and 
the child to group A, it is evident that the father must belong to group A 
or group AB, and if the man accused belongs to group 0 or group B, 
his innocence would be established In case of an interchange of 


Table 14 — Inheritance or Blood Grouts 
All Possible Combinations in Inheritance of Blood Groups (Bernstein) 


Parents 

Children 

0 XO 

0 

0 XA 

0, A 

O X B 

0 B 

A XA 

0 V 

A XB 

0 A B, AB 

B XB 

0, B 

0 X AB 

A B 

A X AB 

A, B, AB 

B X AB 

A B, AB 

AB X AB 

A B, AB 


infants, the blood groups of both sets of parents and both children 
should be determined and it may be found that one of the infants could 
not have belonged to one set of parents and could have belonged to the 
other pair For example, if one set of parents were found to belong 
to group A and group A and the other to group B and group 0 , and one 
child belonged to group B and the other to group A, it is evident that 
the group A child could belong only to the first set of parents How 
ever, if the child belonged to group O, it would be impossible to say to 
which set of parents it belonged The chances of pro\ing nonparentage 
have been calculated to be about 1 in 6 and this is increased to about 
nn 3 if the agglutinogens M and N are also determined These 
agglutinogens are somewhat more difficult to determine than t e 
ordinary blood groups but the interpretation of the results is very 
simple Only three types of blood are possible MN, N, and M cor 
responding to the genotypes MN, NN and MM Any type of in er 
itance not listed in Table 15 is impossible 
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The general rules covering the inheritance of the blood groups are 
that agglutinogens A, B, M or N cannot appear in the blood of the child 
unless present in the blood of one of the parents A group 0 parent 


Table 15 — Inheritance of Agcujtinocens M and N 


Parents 

Children 

M X M 

M 

N X N 

N 

M XN 

MN 

M X MN 

M, MN 

N X MN 

N MN 

MN X MN 

M N MN 


cannot have an AB child and a group AB parent cannot ha\e an 0 
child, a group M parent cannot have a group N child, and a group N 
parent cannot have an M child 

ADDITIONAL REFERENCES 
See references at the end of Chapter VI 




CHAPTER IX 


DISORDERS OF THE RESPIRATORY 1 AND 
CARDIOVASCULAR SYSTEMS 1 


I THE SPUTUM* 


A Mechanism of Sputum Formation — The term sputum does not include 
saliva or nasopharyngeal secretions, but the impossibility of always preventing 
admixture with these must be kept m mind 

Sputum consists of material brought up from the trachea and bronchi The 
normal mucus secreted is too small in amount to be expectorated It may, how- 
ever, be increased to this extent by any irritation of the mucous membrane 
Other sources of material are exudates of all types which will be mixed with 
mucus if inflammation of the tracheal and bronchial mucous membrane is 
associated and which can only be large in amount if cavitation connecting with a 
bronchus or dilatation of bronchi is present Exudates due to bacterial inflam- 
mations will usually contain the responsible organism but may contain others 
as well 

Transudation into the alveoli and tracheobronchial tree may occur (pul- 
monary edema) just as well as into tissues (edema) or mto body cavities (effu- 
sions) and has the same significance, namely passive congestion in the adjacent 
area 

Extensive accumulations of pathologic material may be present in the lungs, 
but will produce sputum only when there is a communication with a bronchus 
and when the material has a sufficiently fluid or friable consistency to be dis- 
lodged Pathologic processes in adjacent regions including the peritoneal cavity, 
liver, esophagus, pleural cavity, and tracheobronchial glands, may penetrate the 
lungs to the bronchi Therefore, the presence of sputum does not prove that 
the primary pathology is in the lungs and absence of sputum does not exclude 
pathology involving the lungs 

Blood may enter the bronchi and be expectorated, due to passive congestion, 
to ulceration, or to hemorrhagic inflammation involving the bronchi or commum 
eating with them 


B Indications and Instructions for Collection of Sputum 
In any case in which sputum is expectorated, sputum examinations 


‘Willis H S Laboratory Diagnosis and Experimental Methods m Tuberculosis 
Pp 33° Charles C Thomas Springfield Illinois 1928 ,, , 

* Notwithstanding the great frequency and importance of diseases involving 
systems clinically practical laboratory aids to diagnosis are relatively few ana m J 
these have been prev lously discussed Hence a general resumfi does not seem JJ* S . 

* Wells H G DeWitt Lydia M and Long E R The Chemistry of Tuberculosis 
Ed 2 Pp 481 Williams and Wilkins Company Baltimore 1932 



DISORDERS OF THE RESPIRATORY AND CARDIOVASCULAR SV STEMS 2$I 

should be performed If bronchial asthma is suspected, a Wright's 
stain for eosinophils is indicated in addition In pneumonia, typing 
of the pneumococci is necessary if serum treatment is to be intelligently 
used In most instances repeated examinations are necessary 
Information of greatest value is secured by collection, measurement 
and examination of the total 24 hour volume Specific directions for 
such collection should be given In infants swabbing the pharynx 
during coughing may be necessary to obtain sputum as it is frequently 
swallowed Older children may often be taught to expectorate 
Coughing of any type should lead one to attempt to secure sputum 
for even coughing reported to be nonproductive may yield traces of 
material which repay examination, and failure to obtain sputum is in 
itself of significance 

Time spent in explaining to the patient the importance of collecting 
only material which is coughed up not saliva or material aspirated 
into the throat from the nasal cavity, and all of that material (no 
swallowing of sputum) as uncontaminated as possible (rinsing the 
mouth after meals, abstinence from chewing tobacco, etc) is usuallv 
well repaid Clean and if cultures are to be made sterile containers 
of suitable size should be provided 

C Interpretation — 1 The Volume Expectorated in 24 Hours - 
A volume of over 100 cc per day mav occur in pulmonarv edema 
lung abscess, bronchiectasis, pulmonary gangrene advanced pulmon 
ary tuberculosis or from any extrapulmonary collection of pus or 
fluid which connects with a bronchus such as empyema, liver abscess 
or subphreme abscess If pulmonary tuberculosis has been diagnosed 
a daily expectoration of over 25 cc suggests cavitation or bronchiectasis 
Smaller volumes do not exclude these diagnoses The alteration in the 
24 hour volume of the sputum from dav to day in acute cases and from 
week to week in chronic cases is of prognostic value Increasing 
quantities in abscess, cavitation or bronchiectasis indicate progression, 
gradual decrease indicates healing and sudden decrease indicates a 
plugging of the ostium which is apt to be followed by a flare up of 
constitutional sy mptoms if drainage is not re established Caseation or 
abscess may of course be present without communicating with a bron 
chus, hence little or no sputum does not exclude these possibilities 

2 The Appearance and Consistency - It may be mucoid, muco 
purulent purulent serous, or bloody, according to the character of the 
inflammation producing it The sputum of lobar pneumonia is verv 
stickv and tenacious that of lung abscess, bronchiectasis, and pul 
monan gangrene has a tendency to separate into 3 layers if allowed to 
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stand It is watery and frothy in pulmonary edema and usually 
blood tinged 

3 The Color — Jaundice or pyocyaneous infection may give it 
a green color Breakdown of anthracotic tissue may cause it to appear 
black In lobar pneumonia the sputum is blood tinged after the first 
few da>s, later becoming rusty and finally like prune juice m color 
The sputum from amebic abscess of the liver which has ruptured into 
a bronchus has a characteristic anchovy sauce appearance 

The causes of blood in the sputum in the approximate order of 
importance are 

(a) Pulmonary Tuberculosis (60 to 80 per cent of all cases) — Blood 
may be in traces or large hemorrhages 

(b) Pneumonias of All Types — In the streptococcic pneumonia 
often associated with epidemic influenza, blood is more abundant than 
in other pneumonias 

(c) Chrome heart disease, especially mitral stenosis (passive con 
gcstion or infarction) 

(d) Bronchiectasis, Gangrene, or Lung Abscess 

(e) Pulmonary Injarction (inconstant but of confirmatory value 
when present) 

(f) Malignant neoplasms, particular!} carcinoma of a bronchus 
Hemoptysis may be due to ulceration of carcinoma of the thyroid or 
esophagus into a bronchus 

(g) Hypertension — Bleeding is at times profuse The mechanism is not clear 

(h) 'Vicerations of the respiratory passages, penetrating uourtds of the chest, and 
foreign bodies m the bronchi 

(i) Hemorrhagic diseases 

(j) Aneurysm of the Thoracic Aorta (slight bleeding for months, or sudden large 

hemorrhage') 

(k) Gassing m II arfare (immediate and delayed) — It has been reported as 
long as 2 years afterward 

(l) The Rare Diseases spirochetal bronchitis, epidemic hemoptyis (due to 
Paragommus westermanm 1 ), and broncho moniliasis 

Pure blood unmixed with sputum occurs in all large hemorrhages 
and in groups (g), (i), and (j) as a rule, and often in bronchiectasis, 
infarction, and carcinoma 

Hemopt} sis should be regarded as due to pulmonary tuberculosis 
until proof of another cause can be established, but the frequency 
of hemoptysis in bronchiectasis has not been sufficiently stressed 

4 The Odor — A very foul odor is present in pulmonary gangrene 
and putrid bronchitis and often in bronchiectasis and lung abscess 

1 Ova of this trematode in the sputum establish the diagnosis 
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A peculiar sweetish sickening odor may also be present in the latter 
two, but odor is far more commonly absent than textbook descriptions 
would lead one to believe A foul odor may also result from necrosis 
of malignant tumors such as carcinoma of a bronchus, but is a late 
symptom more often absent than present At least one clinician, 
however, has established a reputation for accuracy m the diagnosis of 
bronchial carcinoma, which he claims to make on the basis of the pres 
ence of a faint but characteristic odor of the sputum or exhalations 

5 Elastic Tissue — The presence of elastic fibers in sputum 
indicates the breaking dowm of lung parenchyma, and hence, is a very 
important diagnostic and prognostic point It would speak for lung 
abscess, gangrene, active cavity formation, or ulcerating malignant 
tumors and does not occur in uncomplicated bronchiectasis, uncom 
plicated non tuberculous pneumonias, in sputum from non progressing 
cavities, or in material entering the bronchi from other sources than the 
lungs such as empyema, subphrcmc or liver abscess and caseous 
mediastinal nodes 

6 Evidences of Bronchial Asthma — Curschmanti's spirals and 
Dittrich's plugs strongly suggest bronchial asthma and the presence 
of large numbers of eosinophils and Charcot Leyden crystals are still 
more conclusn e evidence for this diagnosis 

If eosinophils are absent from the sputum a diagnosis of bronchial 
asthma is probably incorrect This is a very valuable point, for 
bronchial asthma is one of the diagnoses most commonly made errone 
ously Further search in such cases will usually reveal a cause for left 
ventricular failure such as hypertension, aortic stenosis or aortic 
insufficiency and thus show that the shortness of breath is paroxysmal 
nocturnal dyspnea which is sometimes called cardiac asthma 

7 Bronchial Casts — These are rare They consist of masses of 
fibrin and constitute the basis for the diagnosis of fibrinous bronchitis, 
a cause for which should be sought by bactenologic studies 

8 Tubercle Bacilli 1 — A search for tubercle bacilli should be 
a part of the routine examination of the sputum and, if tuberculosis 
is clinically suspected, at least ten 24 hour collections of sputum 
should be examined by concentration methods, before a failure to 
find the organism is considered significant Then, if the organism 
is not found, it is justifiable to conclude only that tubercle bacilli 
are either not present in the sputum or are not entering it m sufficient 

1 It has been my policy to omit discussion of the bactenologic and serologic phases 
of laboratory dagnosis as they are adequately covered in other courses and texts I 
deviate tn this instance because misinterpretation of the significance of finding or failure 
to find tubercle bacilli in the sputum is so common 
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numbers to be detected by the method used If clinical suspicion of 
tuberculosis persists, guinea pig inoculation or cultural methods 1 of 
identification are indicated and examination of the sputum by concen 
tration technic should be repeated at intervals 

Failure to find tubercle bacilli by any method does not exclude 
tuberculosis Tubercle bacilli are not to be expected in the sputum in 
miliary tuberculosis, in tuberculous pneumonia before the caseous 
material softens sufficiently to be expectorated, or in many cases of 
fibroid tuberculosis 

On the other hind, inability to find tubercle bacilli in the sputum of a 
patient m whom cavitation has recently developed or is progressing, as 
determined by rocntgenographic evidence and physical signs, speaks 
strongly against tuberculosis as the ctiologic agent The largest num 
bers of tubercle bacilli arc found in the sputum during the breaking 
down period of a caseous focus or caseous pneumonia, and they tend to 
be present in the sputum as long as tuberculous activity in the walls of 
the cavity is progressive Tubercle bacilli may be present in the 
sputum in the absence of active pulmonary disease from rupture of a 
caseous node into a bronchus but this is relatively uncommon The 
presence of tubercle bacilli docs not exclude the coexistence of car 
cinoma, non tuberculous bronchopneumonia, or silicosis Repeated 
sputum studies at intervals with notation in a roughly quantitative 
way of the numbers of organisms present is of value in conjunction 
with the clinical findings in gauging the course of the disease 


II EXUDATES, TRANSUDATES, EDEMA, SECRETIONS AND OTHER 
FLUID COLLECTIONS’ 


A Mode of Formation — The mechanism of the formation of a collection of 
fluid in a body cavity is the same as in the tissues Exudates are reactions 
of the body to irritative injury, and vary in character according to the nature 
and intensity of the inciting agent They have a limited degree of type specifi- 
city as illustrated by the differences in character of exudates due to the pyogenic 
organisms and those due to tubercle bacilli Only the demonstration of the 
causative organism is adequate proof of their etiology, and it is possible for this 
to be misleading as in secondary infection of a tuberculous effusion 

Transudates m the body cavities are entirely analogous in formation an 
composition to edema 1 in the tissues Normally, fluid leaves the first part of e 


Pp 363-407 W B Saunders Phila 


1 Corper H J and Cohn M L Routine Clinical Examination for Tubercle Bacilli »n 
Microscopic Negative Sputums by Various Culture Methods J Lao ana GJin 
SIS-S20 (Feb ) 1933 

’Wells H G Chemical Pathology Ed 5 

’Petere’j P andVanSlyke D D Quantitative Clinical Chemistry Vol I PP 6 S 5 “ 
724 Williams and Wilkins Baltimore 1931 and 

GiUigan D R Volk W C and Blumgart H L Observations on the Chemical a ^ 

Physical Relation Between Blood Serum and Body Holds I The Nature 
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capillaries because the capillary pressure is greater than the colloid osmotic 
pressure, and is reabsorbed at a corresponding rate at the venous end of the 
capillary where the mtracapillary pressure is lower than the colloid osmotic 
pressure Anything which lowers the colloid osmotic pressure, increases the 
extracapillary osmotic pressure or increases the mtracapillary pressure tends to 
the production of edema The colloid osmotic pressure is normally abou t 30 mm 
of mercury and is due chiefly to the albumin fraction since 1 gram of alfnimm m 
100 cc of plasma exerts about 5 5 mm of mercury pressure and 1 gram of globu- 
lin exerts only about 1 4 mm of mercury pressure Edema usually develops 
when the albumin fraction falls below 2 5 grams per 100 cc and the edema fluid 
is very low m protem content Edema of this type occurs chiefly m nephrosis 
and dietary deficiency and may occur w any of the conditions listed on page 
40 as causes of hypoproteinemia Edema is nearly always generalized in 
this group 

An increase in p ermeability of the capillary walls perm its protem to escape 
from the vessels and to raise the extracapillary pressure so that the difference 
between the extracapillary and mtracapillary colloid osmotic pressure is reduced 
This type of edema occurs in mcs t_forms of inflammation , a-reaction to 
histamine, many poisons including bee venom and the poisons of most_stmg in g 
or biting insects, and m acute, subacute and chronic glomerular nephritis 
Edema is generalized if the increased permeability is due to a circulating toxin 
as in nephritis but is localized when it is due to local injury as from a bee sting, a 
spram or in rheumatic arthritis The protein content of the fluid is high in this 
group and approaches or equals that of exudates 

Increased mtracapillary pressure results from venous stasis and accounts for 
the edema in congestive heart failure thrombosis of the veins and obstruction 
of venous flow by pressure of tumor masses A certain amount of anoxemia is 
usually associated which tends to increase capillary permeability so that the 
protem content of the edema fluid is greater than in edema due to decreased 
serum proteins but not as high as in inflammatory edema If the increased pres- 
sure is generalized, as m congestive heart failure, the edema is greatest where 
the pressure is greatest, namely in the most dependent portions When the 
increased venous pressure is local the edema occurs only at that site 

Tissue pressure influences the distribution of generalized edema, which is 
greatest at sites such as the eyelids or scrotum where the tissues are loosest and 
tissue pressure is least 

Obstruction to lymph channels tends to produce chylous accumulations of 
fluid 

Cyst formation seems to be largely a matter of secretory activity of the tissue 
forming the wall Another method of cyst formation is obstruction to a normal 
fluid pathway Hence, the composition of cyst fluids will vary greatly 

B Indications for Examination — Any pathologic collection of 
fluid including abscess, draining sinus, exuding wound surface, cyst, 
effusion in pleura, pericardium, peritoneum joint or bursa, bleb, 


Fluids and Fvidence Regarding the Mechanism of Edema Formation J Clin Invest 13 
3^5-381 (May) 1934 
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vesicle, or pustule, which is removed at operation or by puncture 
should be sent to the laboratory for study, and puncture for diagnostic 
purposes is indicated in most fluid accumulations Puncture should 
not be performed on cystic tumors within the abdomen, except at 
laparotomy under direct vision Hence, paracentesis abdominis 
should be limited to cases m which the presence of ascites is well 
established b> the physical examination A greatly dilated stomach 
containing much fluid should be excluded by passage of a stomach tube 
Large c>stic tumors may, in rare instances, cause doubt, in which case 
laparotomy is safer Extensive adhesions from healed peritonitis 
arc further contraindications 

On the other hand, paracentesis thoracis is a valuable diagnostic 
procedure in cases in which difficulty arises in differentiating thickened 
pleura from effusion and has little danger in competent hands 

Examination of secretions from the nose, accessory sinuses, con 
junctiva, middle ear, joint, bursae, urethra, prostate, cervix or vagina 
is indicated whenever present in excess of the normal amount 

Examination of the semen is indicated as the first step in determin 
mg the cause of sterility 

C Interpretation 1 — i Transudates —These are jiomnflamma 
tory collections of fluid The> are usually secondary to passive con 
gestion, hypoproteinemi a or lo cal or general vascular injury The 
fluid is clear, of a light straw color, wit h a s pecific.gravityjess than 
i 018 a nd_usuallv less t han i 015 T hey are further characterized 
by a protein content of less than 30 gra ms^perJiter, a negative Rival ta 
test, and a low cell count Red cells, if present, are few in number 
and due to the puncture wound itself Spontaneous clotting_does 
not occur After repeated tappings, there is a tendency for eosinophilic 
cells to be numerous in fluids removed and for the character to approach 
that of an exudate Eosinophilic cells arejusually-numerous in the 
collection of fluid associated with artificial pneumothorax In edema 
fluids due entirely to hypoproteinemia the protein content is usually 
less than 10 grams per liter and may be less than 1 gram per liter 
In edema fluids due to incre ased vascular permeability the protein 
content is usually over 20 grams per liter In edema fluids due to 
increased venous pressure the protein content is usually between 15 
and 25 grams per liter 

The common sites for transudates are the peritoneal cavity from 
cardiac failure or obstruction of the portal vein, the right pleura 

1 Foord A G , Youngberg G E and Wetmore Vera The Chemistry and Cytology 
of Serous Fluids J Lab and Clin Med , 14 417-428 (Feb ) 1929 
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cant) (less often the left), the scrotum the subcutaneous tissues 
and the pericardium Nephrosis and glomerular nephritis arc often 
associated with general anasarca The fluid in nephrosis tends to 
be extremel) low in specific gravity and protein content, while that 
in nephritis is near the borderline between an exudate and a transudate 
in specific grant) and protein content \s the transudate fluid 
contains nitrogenous end products of metabolism in proportions 
similar to those in the blood, it is possible that removal of transudate 
fluid 1 in cases of renal impairment would have therapeutic value from 
the standpoint of relieving the load on the hidnc)s 

2 Exudates — These arc collections of fluid sccondar) to an uiflam 
mator> process The> maj be clear, turbid, or grossly purulent, 
depending on the number of cells present Blood vs not vnfrcquctUi) 
noted Their most constant characteristics arc a specific grant) of 
1 ot8 or more, a positive Rivalta test, and a protein content of over 30 
grams per liter Spontaneous coagulation and an increased white cell 
count are also usuall) observed 

(a) Tuberculous Effusions —These arc, as a rule, dear or shghth 
turbid, straw colored, and coagulate spontaneous!) Much less com 
monly thc> arc blood) The predominating cells arc small l>mpho 
cjtes The tubercle bacillus ma> occasionall) be found in the stained 
sediment after centrifugation, and more often b> guinea pig inoculation 
with this sediment Inabiht) to demonstrate the presence of tubercle 
bacilli b\ these methods docs not exclude a tuberculous origin 

(b) Effusions Due to Malignant Tumors — These arc often blood) 
but mav be dear The c>tologv vanes In some cases specific tumor 
cells maj be detected b) sectioning the ccntnfugatcd sediment 5 

(c) Exudates Due to Pyogenic Organisms — These arc usuall) cloud) 
or grossl) purulent The predominating cells arc neutrophils and the 
offending organism can usuallv be demonstrated in the stained smear 
or b) culture 

t Chylous and Pseudochylous Effusions — These are characterized by their 
null) appearance which docs not disappear on centrifugation True chylous 
effusions are rare and arc due to lesions of the thoracic duct (filariasts most com 
monly) The milky appearance is due to finely distded fat anil therefore they 
become clear on extraction with ether I seudodnlous effusions ha\c the sane 
#pj>earance but they are not clcarrd by ether extraction and arc not due mcreh 
to fat Their sicnificancc is not known 

' ! iprnnrnul work on the value tf Ip !ucr«l trantjdalr n reryiaal of tb tnruulatr 
* J* 1 an I replacement of the j ml fin loss In pari l a trinsfuiv n In anin.aU In which uremia 
1 »* t<e a rrrwlucrd »c ull seem to be a pn>f talV line t f InscitiraU n 

•ArrapaW \ I Jr I iarur*tW> of !lu> *♦ for Tumor tf’l* \ralyv, o! 1 1 \ (.aw;, 
l Inlnl Arind ^ , tr t | iitriulr a of Ti* it \m J Mp] S: , » 
f'pnl) 10 s 



288 


LABORATORY DIAGNOSIS 


4 Cyst Fluids s — The cysts of Taenia echinococcus arc recognized fay the 
presence of the characteristic hooklcts in the fluid removed by operation Puncture 
should not be done because of the danger of dissemination or violent anaphylactic 
reactions if any of the cyst contents escape about the needle or through the puncture 
opening 

Cysts containing urine arc recognized by the high urea content The fluid 
usually contains over 500 mg of urea nitrogen per 100 cc , whereas other cyst 
fluids and puncture fluids contain urea nitrogen in quantities similar to that m the 
blood of the patient 

Certain ovarian cysts contain a slimy mucinous material called pseudomucin 
which differentiates them from Graafian follicle cysts which contain serous fluid 
and other cystic tumors of that region which are less apt to become malignant than 
are the cysts containing pseudomucin 

Dermoid cysts or teratomas contain a thick, buttery, sebaceous material 
usually associated with hair, teeth, or bone Sebaceous material alone is present 
in sebaceous cysts 

5 Secretions — -The presence of pus in any secretion indicates infection and the 
bacteriologic study 0/ that secretion by stains and cultures for the causative organ 
ism Eosinophilia found in the secretion from the nose suggests vasomotor rhinitis 
or hay fever The \anety of organisms likely to be found vanes with the sources of 
the secretion streptococci and staphylococci being the most common and important 
organisms found in the secretions of the accessory sinuses middle ear joints, or 
bursae Search for gonococci is especially important in the secretions from the 
conjunctiva urethra, prostate or cervix A conjunctival purulent secretion should 
also be examined for Koch Weeks bacilli, pneumococa or Morax \xenfeld bacilli 
Cholesterol crystals found in the matenal obtained from the auditory canal indi 
cates the presence of cholesteatoma The presence of Trichomonas vaginalis in 
moist cover slip preparations of vaginal secretion is characteristic of one typ e 
leukorrhea 

6 Semen — (a) A ormal Values — The volume is 3 5 to 7 o cc average s o cc. 
At least 75 per cent of the spermatozoa are normal in configuration and activelv 
motile The count is 70 million to 200 million spermatozoa per cc , with an average 
of about 500 million per ejaculation The fluid is visad, opalescent, greyish white 
and contains granules which liquefy on standing 

(b) Interpretation — The presence of pus or blood indicates infection in the 
prostate or seminal vesicles Complete absence of spermatozoa called azobspermia 
or complete absence of motility in repeated speamens indicates absolute sterility 
A volume of less than 3 5 cc a spermatozoon count of less than 50 million per cc 
less than 25 per cent of motile forms or the presence of many deformed spermatozoa 
indicates relative infertility Lack of motility or absence of spermatozoa in t e 
cervical secretions after coitus indicates an abnormality of the cervical or vagina 
secretions providing the seminal fluid has been proved to be normal 


III THE VITAL CAPACITY* 


The diagnostic value of this test is not yet fu lly established, but it appears to 
be of sotne"value in prognosis Slid in following the course of patients with diseases 0 


the respiratory PrtSfdlovascular sy stems 

1 Details should be sought in special works on pathology 
of the chemistry of cyst contents 

* Myers J A Vital Capacity of the Lungs Fp 140 


Much is yet to be learned 
Williams and Wilkins Balti 
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A Normals — There are many different standards ^ut^hose based on surface 
area appear at present the most satisfactory For men, 2 5 liters per square meter ' 
for women, 2 o liters per square meter, and for children 1 9 liters per square meter IV J 

of body surface are considered the average normal Results may also be calculated 
from standing height The figures per cm of standing height are 25 o cc for men V- 2- 
200CC for women and is 5 cc for children Athletes h ave vital capacities aver 
aging about 10 per cent higher than other normal individuals More detailed data 
and tables on normal values will be found in M>ers book 1 

Results are reported as per cent of the normal About 90 per cent of the - 
normals fall between 85 and n_s per cent of the normal standard, a few giving esti 
mations as low as 75 per cent or as high as 125 per cent Normal negroes average 
about 20 per cent lower than normal white persons 

B Pathologic Variations — Any reading below 70 per cent of the normal may "'J g 
be considered definitely pathologic, although many cases with respiratory or 
cardiac pathology give higher readings An> reading below 40 per cent of the 
normal indicates marked respiratory or cardiac insuff iciency The chief value of 
the test seems to be in following the progress of a patient from day to day Much 
work still must be done on it Apparently any condition which encroaches on the 
intrapulmonary air space will decrease the vital capacity In heart diseas e, 
engorgement of the pulmonary vessels is probably the major factor, with hydro 
thorax, pulmonary edema and infarction becoming more important when they 
occur In pulmonary disease pneumothorax effusions loss of expansibility 
as from adhesions or fibrosis occlusion of airways, or replacement of air space bv 
exudate as in pneumonia or abscess, or by new tissue as in fibrosis or tumors would 
all be factors Neurologic or skeletal disturbances impairing the expansibility of 
the chest wall or diaphragm would decrease it as would crowding upward of the 
diaphragm Hence decreased vital capacity is far from specific but would seem 
to be of value as a test of functional efficiency 


IV CAPILLARY MICROSCOPY 

This is of some value in the thorough study of Raynaud’s disease, scleroderma 
glomerulonephritis and other vascular disturbances but is as yet largely of 
research interest Details should be sought in the writings of Krogh,* Brown and 
others 

The reader is referred to the Index by Diseases for a summary of 
the indications for and results of laboratory tests in the specific diseases 
of these systems in which such tests are important 


more 192s 

Moersch II J The \ ital Capacities of One Thousand Surgical I atients 
Int Med 37 128-143 (Jan ) 1926 
Lemon V S Historic Rev 


Arch 


of American and English Literature on \ ital Capacity 
Minnesota Med 14 1031-1041 (Dec ) 1931 
1 See footnote 2 on page 2 S 3 

1 Krogh A The Anatomy and Physiology of the Capillaries Pp 422 \ ale Univer 

sity Press 1929 

Brown George E The Skin Capillaries in Raynaud s Disease Arch Int Med 
35 5^-73 (Jan) «915 

Brown G I and 1 oth Grace M Biomicroscopy of the Surface Capillaries in Normal 
and Pathologic Subjects M J Australia 1 499-50O (April 2) 1927 

See also monograph by Kylin cited at the end of Chapter II 

\\ right I S and Duiyee A \V Human Capillaries in Health and in Disease Arch 
Int Med. 52 S45-575 (Oct ) 1933 



CHAPTER X 


DISORDERS OF THE CENTRAL NERVOUS SYSTEM WITH 
ESPECIAL REFERENCE TO THE DIFFERENTIAL 
DIAGNOSIS OF COMA 


I THE CEREBROSPINAL FLUID* 


A Resume of the Essential Points in the Anatomy, Physiology, 
and Biochemistry of Cerebrospinal Fluid Formation 


The cerebrospinal fluid is formed by the choroid plexus in the ventricles of the 
bram by a process of dialysis* through a selectively permeable membrane The 
normal volume is about 120 cc It differs from plasma chiefly by the absence of 
colloids and pigments, the greater concentration 0/ chlonde and the lesser con- 
centration of dextrose (see Table 16) Its direction of flow is from the lateral 
ventricles through the foramina of Mtrnro into the third ventricle, thence through 
the aqueduct of Sylvius to the fourth ventricle and out through the foramina of 
Luschka (and Magendie’) into the subarachnoid space over the surface of the 
bram and cord It was formerly thought to be reabsorbed only through the 
Pacchionian granulations into the venous sinuses of the dura, but Dandy* has 
produced evidence suggesting that it may also be absorbed by the capillaries of 
the pia -arachnoid 

The composition of the cerebrospinal fluid is altered by any one of the follow- 
ing fundamental changes by any exudative inflammation of the leptomenmges, 
by any alteration in the composition of the blood as regards substances to which 
the choroid plexus is permeable, by any change in permeability of the choroid 
plexus, or by any increase w permeability or any solution of continuity of the blood 
vessels at the surface of the bram or cord or w the normal cavities of the brain. 

As the bram and spinal cord are enclosed within a non expansile bony cavity, 
any increase m the total content of this cavity will tend to increase intracranial 
pressure Such increase may be due to one of the following increased volume 
of cerebrospinal fluid (caused by any obstruction to the normal course of flow 
or by increased rate of formation), transudate (edema of the bram), exudate 
(meningitis, abscess), or increased volume of blood (hemorrhage, obstruction to 
the venous outflow) With the exception of obstruction to the reabsorption of 


* Greenheld J G , and Carmichael, E A The Cerebrospinal Fluid m Clinical D»g 

nosis Pp 272 MacMillan Co , New \ork 19*5 „ 

A>er, J B The Analysis of Spinal Fluid Tests JAM A , 87 3 77*379 V 

r pro 

See also references at end of this chapter . ». c r 

* There is some evidence that the cerebrospinal fluid 13 at least m part a seer 

the cells of the choroid plexus, but for practical clinical purposes it may be rega Q 
dialysate of the plasma , . „ 

* Dandy \\ E Where is Cerebrospinal Fluid Absorbed? JAMA 02 
June 15) 1929 
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the cerebrospinal fluid any change which is to increase pressure must occur 
rapidly, or it will be compensated by a corresponding increase in the rate of 
absorption Tumors may attain considerable size without increasing the intra- 
cranial pressure if they do not obstruct the flow of this fluid, whfle others of small 


Table id —C omparison op Normal Cerebrospinal Fluid and Blood Plasma* 



Cerebrospinal fluid , 

Plasma 

Range j 

Aierage 

Average 

Specific gravity 

1 006 to 

I 000 1 

1 007S 

1 025 

Total soltdst 

0 83 

to 

I 77 1 

1 00 

8 7 

Water content? 

! 9 s 

to 

99 17 . 

99 00 

9 i 3 

Freezing point — C 

~o S 34 to 

— 0 603 

-0 57 ° 

-0 570 

Chloride? 

424 0 

to 454 0 | 

440 0 

360 0 

Chloride (as NaCl)? 

700 O 

to 750 0 | 

7 36 0 

594 0 

Bicarbonate? 




21 0 

23 0 

Phosphorus? 

1 

to 

2 0 

1 $ 

4 O 

Lacttc acid? 

to 0 

to 

20 0 

15 0 

15 0 

Sodium? 

301 0 

to 343 0 

324 0 

316 0 

Potassium? 

11 0 

to 

IS 0 , 

t$ 0 

19 0 

Calcium? ' 

4 S 

to 

s s 1 

5 0 1 

10 0 

Magnesium? 

1 O 

to 

3 5 

3 0 

2 O 

Total base? 




155 © 

162 O 

Protein? 

15 0 

to 

45 © 

28 0 

7000 O 

Albumin 




23 0 

443 ° 0 

Globulin 




5 0 

2270 0 

Fibunogen 





300 O 

Nonprotein nitrogen? 

11 0 

to 

38 0 

19 0 

27 O 

Urea? 

8 0 

to 

8 0 

14 0 

14 O 

Creatinine? 

0 5 

to 

1 9 

1 1 

I 6 

Amino 3cid? 

1 2 

to 

2 0 

1 6 

l 5 0 

Uric acid? 

0 4 

to 

2 8 

1 7 

4 7 

Cholesterm? 

0 06 

to 

0 22 

0 14 

160 0 

Reducing substances? 

So 0 

to 

So 0 

65 0 

98 0 

Glucose 




6r 0 

92 0 

Nonglucose 




4 0 ; 

6 0 


* Reproduced by perm ssion of the authors and publ sherj from Memtt H H and Fremont Smith 
F The Cerebrospinal Fluid P la W B Saunders Co Philadelphia 1037 
t Oram* per too cc 
I Mill grams per zoo cc 
§ MlUimol* per liter 

size so placed as to cause obstruction may produce great increases m pressure 
Normally, the fluid column in the spinal canal is w continuity with that m the 
cranial cavity, and m the horizontal position, the pressure will be the same m each 
Any lesion involving only the interior of the nervous tissue and not approaching 
the ventricles, and any entirely extradural lesion will not influence the composi- 
tion of the cerebrospinal fluid, although it may influence its pressure 

B Indications for Examination of the Cerebrospinal Fluid — 
This is indicated not only in all cases of coma but also m the absence 
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of coma when any of the following conditions are included m the 
differential diagnosis meningitis of any type, central nervous s>stem 
syphilis of any type, miliary tuberculosis, cerebral hemorrhage of anv 
type, injuries to the skull or spine, tumors or abscesses of the brain or 
cord, multiple sclerosis, anterior poliomj elitis, or lethargic encephalitis 
and m any obscure condition with s\mptoms or signs of central nervous 
s> stem involvement In addition, it ma> be of value in severe mas 
toiditis (to detect early evidence of sinus thrombosis, or a tendency to 
invade the meninges), in severe frontal, ethmoid, or sphenoid sinusitis, 
m osteom> elitis of the cranial bones or vertebrae (to detect earl> 
evidences of a tendency to invade the meninges), and in any case of 
s>phihs to detect evidence of invasion of the central nervous sjstera 
It is performed for therapeutic purposes in edema of the brain such as 
occurs in eclampsia, from hypertension, after head injuries, and m man) 
other conditions Lumbar puncture in the interspace between the 
fourth and fifth or third and fourth lumbar spines is recommended for 
most purposes 

If evidence of a subarachnoid block is obtained, cisternal puncture 
should be done Some recommend cisternal puncture as the usual 
method because it is technicall) easier than a lumbar puncture, but 
even in the most skilled hands a cisternal puncture occasionally results 
in death from puncture of the medulla or anomalous veins 

C Contraindications to Spinal Puncture — Man> authors list a 
considerable number of contraindications to spinal puncture, chief 
of which are cerebral hemorrhage and tumors in the posterior fossa 
In my experience many more mistakes occur from failure to examine 
the fluid than from neglect of these contraindications The danger 
of increasing a cerebral hemorrhage is slight if the minimum amount 
of fluid necessary for studv is slmily removed In all cases of increased 
intracranial pressure, as evidenced by papilledema, a very gradual 
reduction in pressure is desirable with close w atch for the development 
of respiratory symptoms, as the medulla and tonsil of the cerebellum 
may otherwise occasionally be forced into the foramen magnum and 
death result from compression of the vital centers in the medulla 
Because of this danger a lumbar or cisternal puncture should never 
be done of a tumor of the posterior fossa is suspected A puncture 
should never be made through an infected area If high grade papill 
edema is present, trephining the skull and puncture of the ventricles 
is a safer procedure 

D Technic for Securing Cerebrospinal Fluid 1 Lumbar 
Puncture — The patient should he on the side with the knees drawn 
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up and the head flexed and supported on a pillow so that the plane 
of the bach is at nght angles to the floor and the bach is in 
maximum flexion Locate the interspace between the fourth and 
fifth or third and fourth vertebral spines by palpation and mark 
the center by pressure with the thumb nail Prepare this area with 
iodine and alcohol and drape with a sterile towel having a small hole 
in it or with several towels Wearing sterile rubber gloves and using 
aseptic technic mliltrate the shin and subcutaneous tissues with i or 
2 per cent procaine hydrochlonde Wait 3 or 4 minutes for the 
anesthetic to take effect This wait is the most important point in 
making the puncture painless Anesthesia is not necessary if the 
patient is in coma Such patients and irrational patients or children 
should be held firmly b> strong assistants Lsc an iS gauge needle 
of nonrusting material preferably with a two wav stopcock for con 
ncction to a manometer During introduction the needle should be 
held with the right hand and guided by the left hand supported against 
the bach so that a sudden movement of the patient or give of the tissues 
will not result m a sudden thrust or bend of the needle Introduce it 
at or near the midlinc at nght angles to a tangent to the curve of the 
bach at the point marked and at the correct angle so that the point will 
reach the midline at the proper distance for the estimated depth of 
the spinal canal in a patient of the subject’s build A slight give is 
felt as the dura is pierced Withdraw the stilet just enough to note 
whether fluid appears in the lumen If it docs, attach the manometer 
and take pressure readings as described below W’hen these arc 
completed allow the fluid to drip slowly into sterile small test tubes until 
2 or 30c have been collected m each of 2 or 3 tubes The last or clearest 
fluid should be used for the cell count and protein determination 
Some prefer smaller needles or the Greene needle since these lessen 
the incidence of headaches but the larger needle* arc necessary if 
pressure studies are to be accurate and to obtain fluid in acute purulent 
meningitis Ambulant patients should be advi'ed to spend the next 
■*4 hours in the reclining position if the) wish to avoid headaches 
\ high fluid intake if there are no contr undications will aNo aid in 
preventing such postpuncture headaches 

2 Cisternal Puncture - Ibt patient is placed in the position 
described for lumbar puncture and the same tv pc of needle is used but 
idealiv it should have a mark 7 5 cm from the tip and a short bevel 
The region between the occiput and the spmc of the atlas is shaved 
and prepared as described for lumbar puncture The skin is ancsthe 
tued at a point just above the spme of the atlas in the midlinc and 
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Counts between 10 and 100 per c mm —These are most characteristic 
of general paresis, tabes dorsahs, vascular ncurosyphihs, encephalitis, 
encephalomyelitis, and anterior poliomy ehtis They may occur in 
any of the conditions listed as giving higher counts Counts between 
10 and 100 per c mm occur in some cases of multiple sclerosis, uremia, 
trypanosomiasis, and epilepsy 

If a pleocytosis is found, a differential cell count on the stained 
centrifugated sediment, stains and cultures for bactena, and determma 
tion of cerebrospinal fluid dextrose and chloride are indicated 

H Differential Cell Count — This is indicated on all spinal fluids 
showing a pleocytosis In normal fluids the cells are all lymphocytes 
Neutrophils predominate in all of the conditions listed as giving 
typical counts above 500 per c mm This is true also of the most 
acute cases of tuberculous meningitis and syphilitic meningitis and 
mav occasionally occur in poliomyelitis 

Lymphocytes and neutrophils are both present with lymphocytes 
usually predominating m the group of conditions listed as giving a 
typical cell count of between 100 and 500 per c mm , 

Lymphocytes predominate and are usually the only type of cell 
present in the group of conditions listed as giving a typical cell count 
between 10 and 100 per c mm Lymphocytes are almost exclusively 
present in benign lymphocytic choriomeningitis even though the cell 
count is high 

Tumor cells may be found in occasional cases of medulloblastoma 
I Protein — A globulin test should be done on all fluids examined 
unless much blood is present Normal cerebrospinal fluid of either 
adults or children contains 15 to 45 mg of total protein per 100 cc 
but gives a negative reaction to the globulin tests recommended 
The quantitative test for total protein is sufficiently valuaWe to justify 
its determination on all spinal fluids examined 

1 Interpretation — (a) A one plus globulin reaction (total protein 
of 50 to 100 mg ) This usually occurs in the conditions listed under G 
above as producing a white cell count from 10 to 100 or 100 to 500 per 
c mm and also (without an increase in cell count) in some cases of 
cerebral arteriosclerosis and brain tumor It may result from the 
presence of blood in the spinal fluid 

(b) A two or three plus globulin reaction (100 to 500 mg of total 
protein per 100 cc ) This is usually found in the acute types 0 
meningitis, and may occur in paresis, or in syphilitic or tuberculous 
meningitis 
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Counts between io and too per c mm — These are most characteristic 
of general paresis, tabes dorsalis, vascular neurosyphilis, encephalitis, 
encephalomyelitis, and anterior poliomyelitis They may occur in 
any of the conditions listed as giving higher counts Counts between 
xo and 100 per c mm occur in some cases of multiple sclerosis, uremia, 
trypanosomiasis, and epilepsy 

If a pleocytosis is found, a differential cell count on the stained 
centrifugated sediment, stains and cultures for bacteria, and determina 
tion of cerebrospinal fluid dextrose and chloride are indicated 

H Differential Cell Count — This is indicated on all spinal fluids 
showing a pleocytosis In normal fluids the cells are all lymphocytes 
Neutrophils predominate in all of the conditions listed as giving 
typical counts above 500 per c mm This is true also of the most 
acute cases of tuberculous meningitis and syphilitic meningitis and 
mav occasionally occur m poliomyelitis 

Lymphocytes and neutrophils are both present with lymphocytes 
usually predominating in the group of conditions listed as giving a 
typical cell count of between xoo and 500 per c mm 

Lymphocytes predominate and are usually the only type of cell 
present in the group of conditions listed as giving a typical cell count 
between 10 and 100 per c mm Lymphocytes are almost exclusively 
present in benign lymphocytic choriomeningitis even though the cell 
count is high 

Tumor cells may be found in occasional cases of medulloblastoma 
I Protein — A globulin test should be done on all fluids examined 
unless much blood is present Normal cerebrospinal fluid of either 
adults or children contains 15 to 45 mg of total protein per 100 cc 
but gives a negative reaction to the globulin tests recommended 
The quantitative test for total protein is sufficiently valuable to justify 
its determination on all spinal fluids examined 

1 Interpretation — (a) A one plus globulin reaction (total protein 
of 50 to 100 mg ) This usually occurs in the conditions listed under G 
above as producing a white cell count from 10 to 100 or 100 to 500 per 
c mm and also (without an increase in cell count) in some cases of 
cerebral arteriosclerosis and brain tumor It may result from the 
presence of blood m the spinal fluid 

(b) A two or three plus globulin reaction (100 to 500 mg of tota 
protein per 100 cc) This is usually found in the acute types 0 
meningitis, and may occur in paresis, or in syphilitic or tuberculous 
meningitis 
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(c) A four phis globulin reaction (total protein over 500 mg) 
This is the essential part of the syndrome of From Usually in addi 
tion, a deep yellow color is present and massive coagulation occurs 
An increase in lymphocytes may or may not be present This syn 
drome results from complete spinal subarachnoid block, which in 
turn is most often due to spinal cord tumor, canes of the spine with 
tuberculous pachy meningitis externa, or to spinal or cerebrospinal 
meningitis, particularly of the syphilitic and epidemic forms It may 
occur above as w ell as below a block The presence of Froin’s s> ndrome 
is, therefore, usually associated with an absence of increase in pressure 
on jugular compression in the Queckenstedt test and an Ayala quotient 
of less than 5 One should always consider the above listed diagnoses 
if this sy ndrome is present in part or m whole, but the absence of this 
syndrome is not a point against any of these diagnoses Froin’s syn 
drome may occur in some cases of acute polyneuritis or radiculitis of 
the cauda equina 

J Spontaneous Coagulation — This is due to the presence of 
fibrinogen It does not occur in normal fluids but may occur in 
any of the conditions causing more than a one plus globulin reaction 
A very fine pellicle of coagulum is common in tuberculous meningitis, 
a somewhat heavier coagulum may occur in the purulent types of 
meningitis, and a massive coagulation occurs in most cases of complete 
spinal subarachnoid block as a part of Froin’s syndrome 

Iv The Lange Colloidal Gold Test — This is indicated in all cases 
in which meningo vascular or parenchymatous syphilis of the nervous 
system, meningitis, or multiple sclerosis are included in the differential 
diagnosis, therefore, in nearly all neurologic cases 

The typical normal curve shows no change and is read oooooooocc, 1 
but a change of only 1 m any dilution is not a sufficient ba^u. for 
conclusions 

1 Interpretation of Abnormal Curves — These are of three tvpe» 

(a) The paretic (Zone I) curue This is characterized b\ the 
greatest change in the lowest dilutions (first tubes) which usually show 
complete or almost complete precipitation A typical curve would 
read SS 543 20000 » but any curve in which two of the first three dilu 
tions read 4 or 5 is called a paretic curve This occurs not only in the 
majority of cases of general paresis but also in some cases of tabes 
dorsalis, syphilitic meningitis, multiple sclerosis, brain tumor, and in 
rare instances, in lethargic encephalitis A paretic curve with a ntga 
tive spinal fluid IVassermann should cause one to consider multiple 

‘ 1116 meimng of the figures used to express results is explained on pa ge $u 
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patients ruth active tabes dorsalis ma> have a negative spinal fluid 
and in treated or old inactive tabes dorsalis fort) to sixt) per cent ma> 
be negative In syphilitic meningitis, from ten to fifteen per cent of 
serologic reactions are negative but in vascular neurosj philis the 
serologic test for s> philis is negative in fort} per cent of the cases 

A positive serologic test for syphilis does not exclude nons>philitic 
disease as the cause of the s}mptoms which lead the patient to consult 
the physician 

M Quantitative Chemical Tests — These are indicated in puzzling cases of 
coma and in suspected meningitis 

1 Dextrose —The normal level is 45 to 85 mg per 100 cc if the blood sugar 
level is normal, or betw een 45 and 70 per cent of the level in the blood The values 
are the same in children It is decreased (to c or a few rog so that 15 drops fail 
to reduce 5 cc of Benedict s solution) in the later stages of the acute purulent 
forms of meningitis and to below 40 mg in many cases of tuberculous meningitis 
It is usually normal in neurosyphihs It is increased in diabetes mellitus and other 
tvpes of hyperglycemia in proportion to the elevation of the blood sugar but still 
remains at a lower level This increase may be of diagnostic value m cases of 
coma if other causes of hyperglycemia (particularly uremia and cerebral hemor 
rhage) are excluded In lethargic encephalitis it is reported to be somewhat 
increased the fundamental change appearing to be increased permeability of the 
choroid plexus permitting the dextrose level to approach more closely to that of the 
blood This is best detected by estimations of dextrose in blood and cerebrospinal 
fluid taken simultaneous^ If the cerebrospinal fluid sugar level is more than 
80 per cent of the blood sugar level such an increased permeability is suggested 
It must be remembered, however, that as dialysis is a relatively slow process there 
is a definite lag in the change of concentration of substances in the spinal fluid as 
compared to changes in their concentration m the blood stream Hence it is 
possible for the dextrose level (or level of any other diffusible substance) to be 
higher than that of the same substance in the blood stream if a recent rapid drop 
in the concentration of that substance has occurred m the blood stream and, vice 
versa, a much lower percentage of such a substance will be present in the spinal 
fluid than one would expect from its level in the blood immediately after a rapid 
rise of the concentration in the blood 

In cases of coma a marked increase in spinal fluid sugar (diabetes mellitus 
uremia, cerebral traumal may be very rapidly detected by the technic given 
on page 521 

2 The Chlonde Estimation —This is of some value in differentiating a general 
lzed from a localized meningitis and in differentiating the tuberculous from the 
syphilitic forms The results are expressed as mg of sodium chlonde per 100 cc 
In normal adults the level is extremely constant at 720 to 750 mg In normal 
children much wider vanations occur and results must be below 625 mg or over 760 
mg to he regarded as abnormal Low values from normal down to 625 mg in 
adults or to 575 mg in children occur in all types of acute generalized meningitis 
except the sy phihtic Still more marked decreases may occur in tuberculous menin 
gitis down to 550 mg in adults and to 5C0 mg in children The lowering of the 
chlonde does not occur in abscess tumor hydrocephalus or encephalitis 
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Both the chlorides and dextrose may be normal in early cases of all types of 
meningitis, so that only deviations from the normal should be given much weight 

3 The Urea Nitrogen —This follows the level in the blood almost exactly and 
may be determined by the same method It has no advantages over the estimation 
m blood except that it saves a venipuncture if the cerebrospinal fluid is being taken 
anyway, as in coma An estimation of 60 mg or over per 100 cc would be compat 
ible with a diagnosis of uremic coma A significantly lower estimation would 
exclude it 

4 The Mercury Combining Power of the Spinal Fluid —This will give a much 
simpler but somewhat less accurate clue to the diagnosis of uremic coma If a 
per cent mercuric chlondc is used to titrate i cc of spinal fluid as directed a titra 
tion of 3 cc or over indicates significant nitrogen retention and of 4 cc or over a 
degree of nitrogen retention compatible with the diagnosis of true uremia 

5 The Alkali Reserve of the Spinal Fluid — This may be determined directly 
on the cerebrospinal fluid in cases of coma The normal values, technic, and 
interpretation are the same as for plasma 

6 "Creatinine" in the Cerebrospinal Fluid — Normal values are o 5 to 2 o mg 
per 100 cc It appears to follow the level m the blood very closely and as the 
technic on cerebrospinal fluid is extremely rapid and simple it should prove of value 
in the rapid diagnosis of uremic coma It may be estimated by the same technic 
as for blood either by using the colorimeter or by direct comparison with the per 
manent dichromate standards An estimation of 3 mg or over would be compati 
ble with uremic coma, and of 5 mg or over per 100 cc would make this diagnosis 
almost certain 

7 Other Constituents of the Spinal Fluid — Normal calaum of the cerebrosptnal 
fluid is 4 to 6 mg per 100 cc or 40 to 60 per cent of the total serum calcium It 
corresponds to the diffusible calcium of the serum and is decreased or increased m 
the conditions listed as causing alterations in total calaum except those in which 
the alteration in calcium is associated with an alteration in the level of the plasma 
proteins 

Spinal fluid phosphate expressed as phosphorus is 1 25 to 2 00 mg per 100 cc 
Cholesterol is not found in spinal fluid If bromide poisoning is suspected a 
determination may be made on the spinal fluid The value multiplied by 3 will 
correspond roughly to the blood bromide level 

N Special Tests for Tuberculous Meningitis 1 — The three tests proposed for 
the diagnosis of tuberculous meningitis have not yet been suffiaently studied to 
justify a statement as to their reliability ( 

II COMA* U 


This demands prompt treatment, hence, the cause should be 
determined as soon as possible It is important to have a s> stematic 

1 Gleich M , and Hartstera, A The Levinson Test in Tuberculous Meningitis Am J 
DlS Foord 4 A 3 G° 7 and^onyth y Anni 2 The Laboratory Diagnosis of Tuberculous Merungi 
,,S Vtr. S e 4 &lc'^ Diagnostic Test in M*»l 

Am J Dis Child 40 569 (Sept) 1930 , ,, Am r 

Lichtenberg H H The Tryptophan Test in Tuberculous Meningitis Am j 

S * Solomon 3 P* acd^rmV^D The Differential Diagnosis in Patients Entering the 
Hospital in Coma JAMA 105 7-13 (July 6) I93S 
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plan of examination of these patients well in mind so that no time will 
be lost Such a plan for the laboratory phase of the examination is 
given below The common causes of coma are head injuries, cerebral 
vascular accidents including hemorrhage, thrombosis,. or embobsm, 
uremia, diabetic coma, poisoning especially with alcohol, morphine, 
carbon monoxide, barbiturates, lead, and many others, hypoglycemia, 
cerebral edema, and tumors or infections of the brain or meninges 
There are many other causes but this is a sufficiently complete list for 
the purposes of this text 

The tests on the unne, cerebrospinal fluid and blood interpreted 
below should be done as soon as possible Tor the greatest efficiency 
all three fluids should be secured and examined by assistants while the 
preliminary physical examination is completed and therapy is started 
In some instances the physical examination or a portion of this labora 
tory examination will indicate so clearly the cause, that further labora- 
tory studies are not indicated Such cases are unusual The common 
mistake is to stop before a sufficiently complete study has been done 
Two conditions not infrequently co exist A man may have diabetes 
and develop a cerebral hemorrhage, he may develop uremia while he is 
drunk, or head injuries may be the result of a fall due to coma, rather 
than the primary cause Hence, a complete and thorough examination 
is desirable even though an apparent cause has been found 

A Urine Examination — This is indicated in all cases The 
patient should be cathetenzed as soon as possible The unne exami 
nation alone is never sufficient to establish the diagnosis, as albumin 
and casts may be due to various poisons, passive congestion, or acci 
dental co existence of renal disease, while glycosuria is common alter 
cerebral trauma or may be due to a condition unrelated to the cause of 
the coma in the particular patient Ketosis is frequently due to 
insufficient carbohy drate intake Uremic or diabetic coma is unlikely 
if the urine is normal If the patient is known to have diabetes 
mellitus and dextrose is found in the u nn e, dextrose with insulin may be 
started as soon as blood has been drawn for chemical study, since it 
will do no harm even if it be found later that the coma is not due to 
diabetic acidosis In such a patient, if dextrose is absent from the 
urine, blood for a sugar estimation should be drawn and sterile dextrose 
solution should be given intravenouslv at once as the coma may be due 
to hvpoglv cemia 

B The Cerebrospinal Fluid Examination (see the first of this 
chapter for a more detailed discussion) — The important points to note 
in cases of coma are 
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1 The Pressure — Increase is the rule m head injuries, uremia, 
diabetic coma, alcoholism, meningitis, cerebral hemorrhage, etc, and 
therefore, is of little differential \aluc 

2 The Appearance — A uniformly bloody fluid is usually due to 
hemorrhage communicating with the subarachnoid space, either 
directly or indirectly through the ventnclcs or tears in the brain 
substance or meninges Such hemorrhages are most often due to 
arteriosclerosis, hypertension, congenital or syphilitic aneurysm of the 
cerebral arteries, or to trauma The presence of blood is an indication 
for stereoroentgenograms of the skull for fracture Its absence does 
not exclude intracranial hemorrhage or skull fracture 

(a) Cloudy Fluid — This is usually due to acute purulent meningitis, 
but any of the causes of a cell count over 500 per c mm may give it 
Owing to the frequency of the meningococcus type and the importance 
of starting treatment early , it is usually advisable to give antimenmgo 
coccus scrum intraspmally while the needle is still in place and to start 
parenteral administration of sulfanilamide If further study shows it 
to be of another type no harm has been done, and if it proves to be of 
the meningococcus type precious time has been saved As soon as 
the organism has been identified, treatment appropriate to the infecting 
organism may be instituted 

3 The Cell Count, Differential Count and Examination of 
Stained Smears for Organisms — This should be done at once if the 
fluid is cloudy or the history or physical findings suggest meningitis 
or syphilis of the nervous system In other cases it is best deferred 
(but not longer than an hour) until uremia and diabetic coma have 
been ruled out 

4 Reduction of Benedict’s Solution —This should be tested 
at once on all nonbloody fluids A four plus reduction with fifteen 
drops of spinal fluid indicates diabetes mellitus, a two or three plus 
reduction may be due to any cause of hyperglycemia Any increase 
m reduction is an indication for an immediate alkali reserve estimation 
and a quantitative sugar estimation on the blood or cerebrospinal fluid 
Absence of reduction is usual m the purulent and tuberculous forms 
of meningitis 

5 The Mercury Combining Power, “Creatinine,” or Urea 
Nitrogen — One or more of these estimations should be done at once 
on all clear fluids from patients whose urine showed albumin, casts, 
or blood or if no unne was obtainable, and on all fluids from patients 
who are suspected for any reason of having uremia Increase in any 
of these substances is an indication to start therapy for uremia, w e 
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the alkali reserve, urea nitrogen and “creatinine” are being determined 
in the blood 

When the above immediate indications have been met and emer 
gency therapy has been instituted the cerebrospinal fluid should be 
further studied according to the indications outlined under I at the 
first of this chapter 

C Blood Examination — The alkali reserve, blood urea nitrogen, 
and blood sugar should rarely be omitted on patients in coma even 
though an apparent cause for the coma has been found Blood for 
these examinations should be drawn before treatment is instituted 
Tests for alcohol, carbon monoxide, bromides, or other poisons are 
often indicated 

1 The Alkali Reserve — This is the most important test on a 
patient in coma An alkali reserve above 30 excludes diabetic coma 
A low alkali reserve maj occur not only in uremic coma and in patients 
with impaired renal function without uremia but from anhvdremia in 
diabetic coma, and m patients who have been comatose for some time 
from any other cause Alkalosis is also an important cause of coma \ 
in patients with impaired renal function or in patients who are losing 
hydrochloric acid or receiving alkalies, and is a common result of 
overtreatment of acidosis if this treatment is not controlled bv frequent 
alkali reserve determinations 

2 The Blood Urea Nitrogen — A blood urea nitrogen of over 
60 mg per 100 cc makes true uremia the most probable cause of the 
coma A lesser increase is common in patients with cerebral edema 
from acute glomerular nephritis, and ma> occur in an> patient who has 
been in coma for some penod of time, due to anh> drenna from deficient 
fluid intake 

3 The Blood Sugar — A blood sugar above 200 mg per 100 cc is 
the rule in diabetic coma and maj be as high as 1,600 mg Moderate 
elevation of the blood sugar to 150 to 250 mg per 100 cc is common in 
patients with head injuries or cerebral vascular accidents If the blood 
sugar level is below 50 mg per 100 cc , hypoglycemia is the most 
probable cause of the coma 

4 The Icterus Index — An increase in the icterus index m the 
first few da>s after a cerebral vascular accident favors hemorrhage 
rather than encephalomalacia 

5 Test for Alcohol in the Blood J — The presence of alcohol 01; 
the breath does not prove that coma is due to intoxication, but a con 

. ‘Bogen E DrunLenness Quantitative Study of Acute Alcoholic Intoxication Am 
J M Sc 176 153-167 (Aug) 1928 

Bogen E Tolerance to Alcohol Its Mechanism and Significance California &. W est 
Med 44 262-271 (Apr) 1936 
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centration in the blood of over 200 mg of alcohol per 100 cc indicates 
definite intoxication and over 300 mg is compatible with coma on the 
basis of alcoholic intoxication 

6 Tests for Carbon Monoxide Hemoglobin m the Blood — 
This should be determined at once when there is a history suggesting 
exposure to carbon monoxide or if the shin and mucous membranes 
have a distinctive color, usually described as “cherry” red A con 
centration up to 10 per cent may occur in city dwellers, after cigarette 
smoking, or m any one who has driven m traffic This does not produce 
symptoms A concentration up to 20 per cent may occur in taxi 
dm ers, traffic policemen, or others exposed to heavy traffic conditions, 
but rarely causes symptoms Concentrations of 20 to 30 per cent 
maj produce headache, nausea and dizziness Concentrations of 30 
to 40 per cent always produce these sy mptoms Concentrations above 
40 per cent may lead to coma and above 50 per cent always lead to 
coma It is rare for a patient to recover if more than So per cent of 
the hemoglobin is in the form of carbon monoxide hemoglobin Since, 
if the patient h\ es and is removed from the atmosphere of carbon mon 
oxide, the concentration will be below 10 per cent wathin 9 hours after 
a maximum exposure and within 2 to 3 hours after a minimal exposure, 
the determination to be of value must be done as soon as possible after 
the patient is removed from this environment From one third to 
one half of the carbon monoxide present at the beginning of any hour 
disappears by the end of that hour Consequently , the original con 
centration can be roughly figured from the concentration at the time 
of the determination if the time since the patient was removed from 
exposure is known After death, carbon monoxide hemoglobin breaks 
down verv slowly, however, and determinations for medicolegal 
purposes or to determine the cause of death may be of value for long 
periods of time after death if exposure of the body to carbon monoxi e 
after death has been excluded The method described on page 4 r 5 
is much simpler than the usually recommended methods for t s 
determination 

7 Serum Bromide Determination — Since seven per cent 0 
admissions to hospitals for the insane are cases of bromide intoxication, 
this test is indicated routinely in all psychiatric cases Since brorni e 
intoxication may simulate or complicate vanous neurologic disor ers, 
this test is indicated when neurologic symptoms occur A 
estimation is also indicated in cases of coma of obscure etiology r 
ide therapy should be controlled by frequent bromide estimations, an 
this test should be done when a history of prolonged use of t e 
obtained Many proprietary preparations contain bromides an 
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name of the preparation does not alwa)s suggest the presence of 
bromides 

(a) Interpretation — A trace (1 o to 1 5 mg per 100 cc ) of bromide 
is normally present m the serum When the serum bromide is abo\c 
100 mg , toxic symptoms are likely to occur When the level is above 
175 mg, psychotic symptoms are usually present If the level is 
above 275 mg, a fatal outcome is probable Treatment of bromide 
intoxication b> high sodium chloride intake should be controlled by 
frequent bromide estimations 

III SUMMARY OF THE DIFFERENTIAL DIAGNOSIS OF THE DISORDERS 
OF THE CENTRAL NERVOUS SYSTEM AND OF THE CAUSES OF COMA 

There is no logical order in which to discuss these conditions so they 
are given approximate!) in their order of frequenc) as causes of coma 
At times, svndromes rather than specific diseases are given to conserve 
space 

A Cerebral Anemia — This is the most common cause of coma 
and rarel) offers difficult) in diagnosis It includes ordinar) fainting, 
shock, large acute hemorrhage from an) cause, profound anemia, the 
coma of monbund patients, and the coma of Stokes Adams disease, 
aortic stenosis and parox> smal tach) cardia The diagnosis is usuallv 
based on the histor) and physical findings of low blood pressure, 
sweating and rapid pulse The cerebrospinal fluid is normal except 
for decreased pressure The laborator) findings in shock and acute 
hemorrhage arc given m other chapters Cerebral anemia is the onlv 
form of coma in which it is desirable to have the head low When 
this has been excluded the head maj be elevated 

B Epilepsy — Tostcpilcptic stupor is a common cause of coma 
Laborator) findings in the blood, cerebrospinal fluid and unne are 
usuall) normal The condition is recognized b) the histor), evidence 
of previous injuries, and b) exclusion 

C Hysteria — ' The laboratory and ph)sical findings are normal 
Incontinence of urine does not occur Injuries from convulsions or 
falling are absent Other causes of coma should be excluded 

D Alcoholism — An alcohol content in the blood or unne above 
300 mg per 100 cc establishes the diagnosis of alcoholic intoxication 
but to prove it is the sole cause of coma, other conditions must be 
excluded The presence of an alcoholic odor on the breath docs not 
exclude other causes of coma 

E Head Iniunes —Blood is often present in the cerebrospinal 
fluid with or without skull fracture The cerebrospinal fluid pressure 
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is usually elevated It is most important to exdude the possibility 
of the injury being due to coma from one of the other causes listed 

r Cerebral Vascular Accidents — Hemorrhage, thrombosis or 
embolism arc common causes of coma The presence of blood in the 
cerebrospinal fluid indicates cerebral hemorrhage usually with a 
grave prognosis, but its absence does not exdude this as the explanation 
for a hemiplegia Tleocytosis may occur and is more common in 
hemorrhage than in cnccphalomalacia The pressure is more often 
increased in hemorrhage than in cncephalomalaaa An increase in the 
icterus index, which begins four to eight hours and persists for a week 
or two after the accident, occurs in hemorrhage but not in encephalo 
malacia In many instances accurate differentiation is impossible 
Transient hemiplegia of from a few minutes to a few hours duration 
may be due to focal edema 

G Poisoning — Carbon monoxide, morphine, barbiturate, bro 
mide, and phenol are common causes of coma Mercurj poisoning 
leads to uremia, acidosis or alkalosis The stomach should be washed 
out and the contents examined toxjcologically Tests for carbon 
monoxide hemoglobin, serum bromide, or barbiturates m the urine 
should be performed if indicated b> the histor) In carbon monoxide 
or phenol poisoning the cerebrospinal fluid pressure is usually increased 

H Cerebral Edema — This maj occur in eclampsia, in all t>pes 
of hidne> disease associated with hjpertension, after head injuries and 
in man> tjpes of poisoning The cerebrospinal fluid pressure is 
increased without marked alteration in the proteins or cell count 
unless bleeding is associated It also occurs in the most severe cases 
of congestive heart failure In the cases associated with hypertension, 
retention of urea nitrogen and acidosis may also be present The 
therapy is hypertonic dextrose, sucrose or sorbital administered 
intravenously 

I Acidosis — The causes of acidosis have been listed pieviousl) 
Coma is not due to acidosis unless the alkali resenc figure is less than 30 
The two most common forms of coma due to acidosis are those of dia 
betes and of impaired renal function 

1 Diabetic Coma 1 — The alkali reserve is always low and the bloo 
sugar is usually, though not always, elevated, and the urea an 


» Jaslsn E P Root H T White Priscilla Marble A and Joshn, A P Diabetic 
Coma Arch Int Med 59 i75 - *95 (Feb ) 1937 . rases of 

Baker TWA Clinical Survey of One Hundred and I lght Consecutive Cases 
Diebetic Coma Arch lnt Med 58 373~4°6 (Sept ) 1936 Diabetic Coma 

Dillon E S and Dyer W W Factors Infiuencmg the Prognosis in Diabetic c-v 
Ann Int Med 11 601-617 (Oct) 1937 
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“creatinine” are normal Marked ketosis and glycosuria are usually 
present If the alkali resene is not below 30, diabetic coma is not present 
2 Acidosis of Impaired Renal Function — This results from an 
excess of acid over basic radicles in the diet or therapy It is frequently 
mistaken for true uremia -which it may complicate Hypertension 
is usually present and the blood urea nitrogen is always over 20 mg 
per 100 cc Ketosis is usually absent The unne shows the changes 
characteristic of the condition causing the impaired renal function 
J Uremia — True uremia is not present if the blood urea nitrogen 
is not over 60 mg per 100 cc The causes have been given It is 
important to differentiate uremic coma from cerebral edema and from 
acidosis of impaired renal function Do not conclude that the patient 
who has anhy dremia from having been m coma for a day or two without 
adequate fluid intake and who has, therefore, some elevation of the 
blood urea nitrogen has true uremia 

K Alkalosis — 'The causes have been listed Coma from alkalosis 
is unlikely to occur unless the alkali reserve is above 100 The symp 
toms simulate those of acidosis The most common cause is excessive 
ingestion of alkalies or loss of hydrochloric acid from the stomach 
especially if either is complicated by impaired renal function The 
treatment is slow intravenous administration of the calculated amount 
of sterile 1 per cent hydrochloric aud and removal of the cause The 
sy ndrome of anhydremia is often associated 

L Hypoglycemia — The causes of hypogly cemia have been given 
The blood sugar is usually under 50 mg per 100 cc if the patient is 
in coma Since it may occur in patients with diabetes it is important 
to exclude this before giving insulin without dextrose Sugar may be 
present in the unne in patients with diabetes who have accumulated 
considerable urine in the bladder before the blood sugar fell but in the 
majority of patients with hy pogly cemic coma sugar is absent Intrave 
nous dextrose solution produces prompt recovery 

M Meningitis — Stiffness of the neck is the most dependable 
clinical sign, but may be present in subarachnoid hemorrhage, polio 
myelitis and arthritis of the cervical spine The cerebrospinal fluid 
findings are most important In all types of meningitis the cerebro 
spinal fluid pressure and Ayala’s quotient are increased unless sub 
arachnoid block has occurred m which case the pressure and Ay ala’s 
quotient are low 

1 Acute Purulent Meningitis —The pressure is increased, the 
fluid is cloudy, the cell count is usually over 500 with a predominance 
of neutrophils, the Lange curve is usually in zone II or III, and the 



3 *° LABORATORY DIAGNOSIS 

causative organism, the meningococcus, pneumococcus, influenza 
bacillus, streptococcus or staphylococcus, may be found in direct 
smears or cultures The protein is usually between ioo and 1,000 mg 
per ioo cc , and dextrose, except within a few hours of the onset, is 
usually under 20 mg per 100 cc of spinal fluid 

2 Aseptic Meningitis — This gives the same picture as acute 
purulent meningitis except that organisms are absent, the cell count is 
seldom over 2,000 per c mm , and the protein content is seldom over 
500 mg per 100 cc The dextrose and chlorides are normal The 
presence of this syndrome indicates an immediate search for infection 
in the middle ear, mastoid, or cranial bones with prompt steps to 
secure adequate drainage and specific therapy with sulfanilamide or 
related compounds The syndrome maj also result when hemorrhage, 
abscess or tumors approach sufficiently near the surface of the menmge 5 
or ventricles 

3 Tuberculous Meningitis — This is most common in infants 
but may occur at any age It is often associated with generalized 
miliary tuberculosis The fluid is usually clear or slightly opalescent, 
the cell count is usuallj between 100 and 700 per c mm with 40 to 
90 per cent of the cells ljmphocytes, ordinary cultures and smears 
reveal no organisms, a fine coagulum which contracts to form a pellicle 
on standing occurs, the dextrose is usually under 40 mg per 100 cc 
except within 24 hours of the onset, and the sodium chlonde level of 
the cerebrospinal fluid is more often under 600 mg pec zoo cc than in 
other forms of meningitis The higher lymphocyte count and the 
absence of organisms differentiate it from acute purulent meningitis 
and the lower dextrose, chlorides, and negative serologic test differ 
entiate it from syphilitic meningitis The diagnosis is confirmed by 
finding the tubercle bacillus m Ziehl Neelsen stains or by culture and 
guinea pig inoculation, but the patient is usually dead before these 
results are available The Lange curve is usually in zone II or III 

4 Syphilitic Meningitis — The cell count is usual 1 / between 
100 and 1,000 per c mm with lymphocytes usually above 60 per cent 
The protein is usually between 50 and 100 mg per 100 cc, and the 
Lange curve is usually m zone I or II 

5 Lymphocytic Choriomeningitis 1 — This virus disease is char 
actenzed by a cell count of 50 to 1,000 per c mm , nearly all lympho 
cytcs, with normal dextrose and little or no elevation of the protein 
The Lange curve is usually normal Organisms are not found in t e 
usual smears and cultures 

1 Viets H R and Warren, S Acute Lymphocytic Meningitis JAMA 
3S7 ~z 6 i (Jan 30) 1937 
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N Subarachnoid Hemorrhage —This should be considered when 
a }Oung person without apparent cause suddenl} develops severe 
headache or coma with stiff neck Blood is alwavs present zn the 
fluid m the earl) stages and the pressure is usuall} increased The 
protein content and pleoc} tosis are proportional to the amount of blood 
present in the carl} stages and are increased out of proportion to the 
number of red cells present after the first few hours It usuall} results 
from rupture of a congenital aneurv sm of one of the arteries constituting 
the circle of Willis 

0 Subdural Hematoma — This should be considered when a 
second loss of consciousness develops a few da>s to a few weeks after 
apparent or partial recover} from a head injurv The cerebrospinal 
fluid pressure is usuall} increased, the fluid is often v ellow or bloodv , 
and the protein is usuall} between 50 and 500 mg per loo cc The 
fluid maj be normal in all respects and the diagnosis has to be made bv 
the histor} and ph} sical examination 

P Intracranial Tumors — The signs to be described appl} to a!! 
t}pcs of tumors, benign or malignant, pnmar} , metastatic or encroach 
mg from adjacent areas, and to other space occup} ing lesions such as 
internal h}drocepha!us, abscess or gumma There is a tendenc} to 
increased cerebrospinal fluid pressure with decreased A} ala's quotient 
if the tumor is of large size or is producing internal h} droccphalus 

1 Supratentorial Tumors — The cell count is usuall} normal 
and rarcl) over 100 per c mm, l}mphoc}tcs predominate The 
protein is usuall} normal unless the ventricle or subarachnoid spice 
is invaded The sugar and chloride contents arc normal as is thcLange 
curve in those patients with normal protein The Lange curve ma) 
show second or third zone reactions in man} cases and, rarel}, a first 
zone reaction 

2 Infratentorial Tumors — Lumbar or cisternal punctures arc 
contraindicated Ventricular puncture is safer If, because of failure 
to make a clinical diagnosis or because little or no papilledema exists, 
the cerebrospinal fluid is examined, the pressure is usuall} increased 
The protein is usuall} over 100 mg per 100 cc in acoustic neuromas 
or in other tumors sccondarv to neurofibromatosis and is usuall} 
normal in cerebellar tumors 

Q Cord Tumors — Under this heading arc included hot onlv true 
neoplasms originating in the spinal cord, but all other neoplasms 
encroaching on the vertebral canal and <pacc-occup} ing lesions such 
as herniation of the intervertebral discs, h\ pertroph} of the hgamentum 
flavum pachv meningitis externa and abscesses or metastatic tumors 
of the vertebral bodies All these ma} produce the characteristic 
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symptoms of spinal subarachnoid block This is characterized bv a 
normal or low pressure with no elevation in the Qucchenstadt test 
if the block is complete and delayed response and especially delayed or 
incomplete return to normal in the blood pressure cuff modification 
of the Quechcnstadt test These signs do not occur if the site of the 
puncture is above the block Froin's syndrome will be present if 
fluid is obtained cither below or just above a complete block The 
fluid is usually normal if only slight block exists In those cases with 
an increased protein content, any type of Lange curve may occur 
R Encephalitis — In all types of encephalitis the pressure is 
usually normal, the cell count is not over ioo per c mm and often is 
normal, the cells are all lymphocytes, the protein is slightly if at all 
increased, and the sugar and chlorides are usually normal These 
are virus diseases so no organisms arc found by ordinary methods 
Normal sugar content and negative serologic tests for syphilis differen 
tiate encephalitis from tuberculous and syphilitic meningitis The 
Lange cur\e is usually normal but zone II curves are seen occasionally 
and in rare instances a zone I curve occurs 

S General Paresis — This important disease of the brain occa 
sionally results in the sudden onset of coma from acute cerebral edema 
in which case the pressure is usually increased In most cases of 
general paresis the pressure is normal, the cell count is 20 to 150 per 
c mm , mostly lymphocytes, the protein is between 50 and ioo mg 
per 100 cc , the sugar and chlorides are normal, and almost 100 per cent 
of untreated patients show a first zone Lange curve and 4 plus serologic 
tests for syphilis in the cerebrospinal fluid 

T Tabes Dorsalis — This important disease does not directly 
produce coma but one of the commonest causes of death from tabes 
dorsalis is uremia from pyelonephritis secondary to paralysis of the 
bladder The cerebrospinal fluid pressure is normal, the cell count is 
usually between 10 and 60 per c mm , all the cells are lymphocytes, 
the protein is normal or slightly increased, the sugar and chlorides 
are normal, and the Lange curve is typically zone II but some patients 
with tabes have a first zone reaction, and quiescent or treated patients 
often show no alteration in the Lange Serologic tests for syp < 1S 
are positive in from 60 to 80 per cent of active cases 

U Multiple Sclerosis — This does not lead to coma directly u » 
as with tabes dorsalis, pyelonephritis with uremia is a common ter 
mination The cerebrospinal fluid is usually entirely normal ut a 
cell count up to 40 per c mm , all lymphocytes, and a slight increase 
in protein is not uncommon A zone I Lange curve occurs in a ou 
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one fourth of the cases and a zone II Lange in another one fourth A 
first zone Lange with negative serologic tests for sy phihs should lead 
one to consider the diagnosis of multiple sclerosis 

V Anterior Poliomyelitis — This usuall> gives a stiff neck as 
does meningitis and in the preparalytic stage ml) be difficult to 
differentiate from tuberculous meningitis In the preparalytic stage 
clinical diagnosis may be impossible without the cerebrospinal fluid 
examination The diagnosis must be made on the basis of the spinal 
fluid changes in a patient with acute illness m the presence of an 
epidemic The pressure is normal, the appearance clear or slightly 
opalescent, the cell count is usually between 20 and 500 per c mm 
but in rare instances may be over 1,000 with lymphocytes as a rule 
predominating The protein is usually between 50 and 200 mg per 
100 cc but may be normal After repeated punctures protein levels 
abo\e 200 mg sometimes are found Sugar and chlorides remain 
normal which aid in differentiating it from acute tuberculous men 
ingitis The Lange curve is usually normal but zone II curves may 
occur Coma occurs from respiratory paralysis with asphyxia or 
from an ascending poliomyelitic encephalitis or from intcrcurrent 
disease, but poliomy elitis rarely has to be considered in the differential 
diagnosis of acute coma 

W Polyneuritis — The occasionally increased cell count and 
frequently increased protein in the cerebrospinal fluid make it necessary 
to include this condition It is not a cause of coma but may be due 
to lead or arsenical poisoning either of which may produce enccphalop 
athy or uremia, or to pellagra in alcoholics, and it may at times 
simulate clinically tabes dorsalis The Lange curve in polyneuritis 
may show any type of curve but is usually normal 
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CHAPTER XI 

PREGNANCY AND ITS COMPLICATIONS 1 


It is important to bear in mind that almost any condition to which 
nonpregnant women of child bearing age are subject may also affect 
pregnant w omen Of such conditions pregnant women are particular!) 
susceptible to pyelitis, hydronephrosis, nephritis, nephrosis, hyper 
t hyroidism, acute > ellow atroph> of the liv er, and osteomalacia They 
arc apt to develop exacerbations of a pre existing chronic diffuse nephn 
tis, h> pertensive cardio\ ascular renal disease or pulmonary tuberculosis 
As these arc more full) discussed in other chapters, only conditions 
peculiar to pregnancy will be discussed in detail here 


I RESUMfi OF THE ESSENTIAL POINTS IN THE PHYSIOLOGIC AND 
BIOCHEMICAL CHANGES OCCURRING IN NORMAL PREGNANCY 1 


In addition to the extra strain on the maternal assimilative and eliminative 
functions incident to supplying the materials for the development of the fetus, 
placenta and membranes and to the excretion of the waste products of fetal 
metabolism, profound alterations occur in the metabolism of the mother herself 
Almost immediately after impregnation a hormone derived from the chonomc 
tissue of the placenta similar in action to the gonadotropic hormone of the antenor 
lobe of the pituitary may be demonstrated in the patient’s unne This excretion 
of anterior pituitary-like hormone persists throughout pregnancy and is soon 
associated with increased formation and excretion m the unne of estrogenic 
substance Increase in size of the thyroid, and formation of the corpus luteum 
of pregnancy suggest that other less fully studied endocrine changes also occur 

In the first three months of pregnancy the renal threshold for dextrose is 
lowered, resulting m an increased tendency to alimentary glycosuria Ketosis 
is frequently present but if it is controlled by mcreased carbohydrate intake, it is 
the author’s impression that the so-called “physiological” nausea of pregnancy is 
less likely to occur and the pernicious vomiting of pregnancy is decreased in 
frequency 

In the latter months of pregnancy the unne volume increases about one 
fourth, the blood cholesterol values are high, the serum calcium is low, and the 
fibrinogen content of the plasma increases with a corresponding increase w e 


‘Standee H J The Toxemias of Pregnancy Medicine 8 I-X57 (Feb ) 1929 
monograph touches on practically every subject discussed in this chapter . T n u » 
Ehrenfest H The Normal and Pathologic Physiology of Pregnancy Am J 
and Gynec 12 58-76 (July) 1926 

* See the additional references at the end of the chapter 
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sedimentation rate of the red cells The basal metabolic rate 1 begins to increase 
m the thirty-fourth week, attaining a ma x i m u m average of plus 15 per cent with 
a few results as high as plus 25 to plus 35 per cent just before delivery It 
reaches normal again about 10 days after delivery The nse seems to be due 
chiefly to the extra metabolism of the fetus 

The blood sugar is usually within the normal limits but the average is slightly 
lower than normal A hypoglycemia may be associated with even the so called 
“physiologic” morning sickness of early pregnancy and constitutes a definite 
therapeutic indication The blood urea nitrogen tends to be in the lower normal 
range, and estimations as low as 5 mg per 100 cc have been reported * The 
urea clearance test 1 is normal until the last two months of pregnancy Investi- 
gators differ as to results in the last two months Some claim that it is decreased 
and others that it is increased Until the normals have been established more 
definitely, a urea clearance test cannot be regarded as of definite significance 
unless it is below 40 per cent of normal Non-protein nitrogen is normal or low 
Creatinine is normal and unc acid corresponds to high normal figures The 
carbon dioxide combining power of the plasma tends to be lowered so that the 
majority of results in the last few weeks of pregnancy fall between the alkali 
reserve figures of 40 to 60 instead of between 50 and 80 as m non-pregnant 
women It returns to normal after delivery without treatment The cause of 
the lowered alkali reserve is disputed, some believing it to be compensatory 
for a loss of carbon dioxide and others believing it to be due to ketosis The 
pH of the serum is within normal limits 

Creatine is excreted in the urine during the latter part of pregnancy and for 
a while after delivery 


Since creatine 1$ not discussed elsewhere in this book it is worthy of note that 
it occurs also in urines of young children of both sexes, in normal women during 
menstruation, and in diseases associated with muscular wasting (starvation, fexcrs, 
muscular atrophies and dystrophies Simmonds disease etc) It has also been 
reported in the unne of insane women, m cases of myositis fibrosa, myotonia 
atrophica hyperthyroidism cretinism achondroplasia and infantilism Its estima 
tion does not aid diagnosis It does not occur in the urine of normal men nor m 
the unne of normal women between the menstrual periods Excretion of creatm m 
the unne is increased by the therapeutic administration of glycin (or gelatin) to 
patients with muscular dystrophy 


Lactose may appear in the unne dunng the latter months of pregnancy and 
throughout lactation. 

‘Plass F D and \oakam W A Basal Metabolism Studies in Normal Pregnant 
Women with Normal and Pathologic Thyroid Glands Am I Obst and Gynec 18 
556-568 (Oct) 1019 

* Dcnu \\ King F I and Briggs F The Ratio of the Urea Nitrogen to Total 
Nonprotein Nitrogen in the Blood in Normal Pregnancy Am J Obst and Gynec 17 
386-301 (March) 1919 

J f an< l ^* n * A Tte '•onprotein Urea and Rest Nitrogen of the 
Blood Dunng Labor and the I uerperium Am J Obst L Gynec 36 77-S4 (July) i 0 ,<5 

* Cantata* A and Ricchiuti G Urea Clearance Test in 1 regnancx Arch Int 
Med y 637-646 (Oct) 1953 

Ilurwiu I) and Ohlcr \\ R Urea Clearance Test In Toxemia* of I rcgnancx 
J Uin Inve t ti 1119 (Nov) 1937 
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The total blood volume increases progressively to a value about 23 per cent 
above the normal The increase affects chiefly the plasma, and probably 
accounts for at least a part of the usual apparent decrease ]□ red cells and hemo- 
globin The white cell count 1 Increases, averaging about 10,000 and cannot be 
considered definitely abnormal unless values over 15,000 axe secured during the 
first eight months, or over 35,000 just after delivery It returns to normal 
during the puerpenum A relative and absolute neutrophilic leukocytosis with a 
relative increase in immature forms is associated 

In normal pregnancy the red cell count, cell volume, and hemoglobin content 
of the blood decrease progressively to a low level, averaging about 15 per cent 
below the average normal for women, by the sixteenth to twenty-second week 
They remain at the same level until the thirty-fourth week, at which time there 
is a sharp rise followed by a fall lasting until term and affecting chiefly the 
hemoglobin A further drop of about 5 per cent occurs on the first day post 
partura due to the physiological loss of blood, but this is made up within a few 
days Following this there is a more gradual rise affecting first the red cells, 
then the cell volume and last the hemoglobin, bringing all values back to normal 
by about the sixth month after delivery 

All of the above changes are usually described as the physiological accom- 
paniments of normal pregnancy In the author’s opinion, however, the low 
blood sugar, low blood calcium, the anemia and the lowered alkali reserve are 
undesirable More marked changes of similar type are characteristic of the 
complications which pregnant women are prone to develop Therefore, it is 
probable that active therapy designed to correct these minor deviations may 
prevent the development of toxemias, anemias, dental canes, or osteomalacia, 
which might otherwise occur in a certain proportion of these cases 


II THE DIAGNOSIS OF PREGNANCY BY LABORATORY METHODS 1 
All other tests for the diagnosis of pregnancy have been superseded 
by the Friedman modification of the Aschheim Zondek test 

A The Friedman Modification of the Aschheim-Zondek Hor- 
mone Test 8 — This depends on the detection of the anterior pituitary 
like hormone m the urine Enormous excretion of this hormone 
begins constantly within 10 days after the expected date of onset 
of the first missed menstrual period after conception and persists 
throughout pregnancy and for the first 2 to 4 davs of the puerpenum 
Positive tests have been reported in pregnancy before the expecte 


1 Carey J B , and Litzenberg, J C Total Leukocyte Counts in Human Blood Dunns 
Pregnancy Ann Int Med to 25-29 (July) I93 6 , w r ar jy 

’Davis M and Walker, Elizabeth W Modern Laboratory Methods for the h y 
Diagnosis of Pregnancy New England J Med 206 173-183 (J an KMrihwest 

* Mathi-u A Palmer A , and Holman A The Friedman Pregnancy Test 

Parvey S fi Recent* Ads ances in the Physiology of Reproduction ™ Relation to the 
Zondek Aschheim Test for Early Detection of Pregnancy Endocrinology 

A., Salmon, V J and Irani R T Value rf S 
Diagnosis of Intra Uterine and Extra Uterine Pregnancy J A M a * 3 
(Oct 20) 1934 
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date of the first missed menstruation Since retention of living 
placental tissue is associated with a persistent positive test even after 
delivery or death of the fetus, this test maj be used as a test for incom 
plete removal of the placenta In hydatidiform mole, chorion epi- 
thelioma, 1 * and chorion epitheliomatous teratoma (usuall} of the 
testicle), a verj strongly positive test is the usual finding Quantita 
tive methods have been devised for expressing the units of anterior 
pituitarj like gonadotropic hormone in the urine The} involve the 
use of a large number of animals and are rarely necessary for diagnosis 
The results may be misleading because chononepithelioma and the 
various testicular tumors do not alwa}s result 3 in the excretion of 
excessively high quantities of anterior pituitary like gonadotropic 
hormone, while such excessive excretion does occur in normal earl} 
pregnancy 4 for a week or so, and m most patients with pernicious 
vomiting Incomplete removal of the tumors or the presence of 
metastases is evidenced b} a persistent positive test after operation 
If the directions given are stnctl} adhered to, negative results 
are to be expected in less than 2 per cent of normal or pathologic 
pregnancies when the fetus is still living In nonpregnant individuals 
or in women more than 4 days after the death or deliv ery of the fetus 
and complete removal of the placenta, negative results are secured 
in over 98 per cent of cases studied The accuracy of the test is 
even greater if two rabbits are used, since a false negative test will be 
found m one of the rabbits in about 2 per cent of the cases In ectopic 
pregnane}, the test is of value only when it is positive, because false 
negatives occur in about one third of the cases, due to death or degener- 
ation of the chorion 

From the above discussion, it is evident that a positive Friedman 
test indicates the presence of living chorionic tissue, that the intensity 
of the test vanes with the amount of such tissue, and that a negative 
test will occur following the death or degeneration of all chorionic 
tissue 


1 Zondek B Gonadotropic Hormone in the Diagnosis of Chorion Epithelioma J A 
M A 10S 607-611 (Feb 20) 1937 

* Ferguson R S Pathologic Physiology of Teratoma Testis JAMA 101 1933 
(Dec 16) 1933 

Human F and Powell T O Management of Tumor of the Testicle JAMA 
no 188-190 (Jan is) 1938 

Cutler M and Owen S E Clinical \ alue of Prolan A Determinations in Teratoma 
Testis Am J Cancer 24 318-325 (June) 1935 

* Schoeneck F J Quantitativ e F nedman Test in Hydatidiform Mole and Vomiting of 
Pregnancy Am J Obst &. Gynec 32 104-109 (July) 1936 

‘Evans H M Kohls Clara L„ and Wonder D H Gonadotropic Hormone in the 
Blood and Urine of Early Pregnancy The Normal Occurrence of Transient Extremely 
High Levels JAMA 108 387-289 (Jan 23) 1937 y 
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A hormone test for the determination of the set of the unborn child 
has been proposed, but has not proved reliable 

III OTHER LABORATORY TESTS IN PREGNANCY 

A Urinalysis — A complete routine urinalysis should be done 
every two weeks after the diagnosis of pregnancy is established, and 
preferably once a week in the last three months 

t Reducing Substances in the Urine — These should always be 
identified In the first three months a moderate amount of dextrose 
in the urine is a common finding due to the lowered renal threshold 
and need not cause alarm If found later in pregnancy or if associated 
with clinical symptoms of diabetes melhtus, dextrose in the unne is 
an indication for a fasting blood sugar estimation and, if that is under 
150 mg , for a dextrose tolerance test, since a true diabetes melhtus 
may first become manifest during pregnancy Reduction in the last 
three months of pregnancy and during lactation will usually be due to 
lactosuna and when the co existent excretion of dextrose has been 
ruled out by a negative dextrosazone test, may be regarded as 
physiologic 

2 Albuminuna in Pregnancy — This is a common finding Most 
frequently it is due to passive congestion of the kidney from disturbed 
return flow in the renal veins but it may be due to pyelitis, nephntis 
or any of the other causes of albummuna listed in Chapter II, or it 
may be the first sign of impending eclampsia It should be regarded 
as an indication for more frequent unnaly sis and blood pressure read 
mgs, and a close search should be made for its cause In eclampsia a 
four plus albuminuna is the rule, associated wnth oliguria, casts and 
sometimes, hematuna Complete anuria is not uncommon 

3 Ketonuna — This should be tested for, as the presence of acetone 
is an indication for increase in the carbohydrate intake A marked 
ketosis is the rule in pernicious vomiting of pregnancy and is an mdica 
tion for performing an alkali reserve estimation and giving dextrose, 
intravenously if necessary, until the ketosis has disappeared and the 
alkali reserve is normal 

4 Microscopic Examination of the Urine — This is very impor 
tant because of the frequent finding of pus (usually due to pyelitis; 
and of casts (nephritis, eclampsia, etc) Other sediments have the 
same significance as in the non pregnant 

B Hematology — A routine hematologic examination should e 
made once a month, keeping m mind, however, that a moderate 
simple leukocytosis which becomes marked dunng labor and m t e 
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puerpenum is physiologic and that a decrease of 15 to 20 per cent 
in the hemoglobin and red cell count in the latter months is the rule 
A greater decrease should be regarded as an indication for increasing 
liver and iron in the patient’s diet A sudden marked decrease with 
high color and volume indexes and normal saturation index warrants 
the diagnosis of pernicious anemia of pregnancy which requires prompt 
and vigorous treatment The blood cell sedimentation rate may 
prove of value in detecting abnormalities in the puerpenum 

C Quantitative Blood Tests — These are not necessary if com 
plications do not anse If vomiting occurs, blood chloride and alkali 
reserve determinations should be made If hypertension develops, 
the blood urea nitrogen, the concentration and dilution test, and the 
urea clearance estimation are important 

IV TOXEMIAS OF PREGNANCY 1 

Notwithstanding the conflicting views expressed m a voluminous 
literature the following points are probably correct Pernicious 
vomiting and eclampsia are definite entities which occur only in 
association with pregnancy or with hydatidiform mole Aside from 
this, their etiology is unknown The chief pathology of each is found 
in the liver Much confusion has ansen m the past from a failure to 
differentiate from these “toxemias” the various disorders of the 
kidney and urinary tract discussed in Chapter II which may begin 
or first be discovered during pregnancy Only very careful clinical 
and laboratory study together with accurate definition and use of 
terminology and a careful follow up of the further course of the patient 
will serve to make this differentiation Uremia and eclampsia are not 
synonymous terms and should never be used interchangeably 

A Pernicious Vomiting — This is a disorder of the first half of 
pregnancy characterized by persistent nausea and vomiting Many 
theories have been advanced as to the etiology, of which one of the 
most recent 2 is that it is due to allergy to the hormone produced by 
the corpus luteum Since ketonuna develops on an adequate carbo 
hydrate intake and before the nausea and vomiting begin, hypersecre 
tion of ketogemc hormone by the pituitary is a possibility that should 

1 Ilurwile D Toxemias of Pregnancy NewEnglandJ Med 209 uSi-ijat (Dec ai) 
1933 

Strauss M B Observations of the Etiology of the Toxemias of Pregnancy V The 
Etiologic Relationship Between Water Retention and Artenal Hypertension Am T M 

Sc 196 188-198 (Aug ) 1938 

Dieckmann W J Renal Function in the Toxemias of Pregnancy Am I Obst A 
Gynec jq 47*~4S8 (Apr ) 1935 

‘Finch J \\ The Etiology of Nausea and Vomiting of pregnancy Preliminary Report 
JAMA mi 1368-1370 (Oct 8) 1938 * 
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be investigated Since the clinical diagnosis is easy, 1 laboratory tests 
are of value, not for diagnosis, but as guides to therapy and m deter 
mining the seventy of the patient's condition The unne should be 
tested daily or oftencr for acetone and diacetic acid, and the 24 hour 
volume should be recorded A ketosis is usually present in untreated 
cases due to the deficient carbohydrate absorption, and is a specific 
indication for giving dextrose b> rectum or vein Ohguna is an 
indication for increasing the fluid intake The alkali reserve estimation 
should be performed frequently The reason for this is that ketosis 
or dehydration, if allowed to become severe, tends to produce acidosis 
while loss of hydrochloric acid from the stomach tends to produce an 
alkalosis Hence, the alkali reserve figure may be high, low or normal, 
irrespective of the seventy of the case, but any deviation from the 
normal is an indication for controlled therapy The blood chloride 
estimation should be done if vomiting is severe, as a low estimation 
due to loss of hydrochlonc acid is a common indication for the admims 
tration of sodium chloride A high urea nitrogen and non-protein 
nitrogen in the blood will be found in the more severe cases as in all 
other types of severe vomiting, but should not occur m properly treated 
cases The unc acid is increased in the blood as in all cases of starva 
tion but no information of value is secured by its estimation It 
will be noted that all of the above changes occur in nausea and vomiting 
from any cause, they must be regarded, therefore, as results rather 
than causes of the condition The only laboratory finding to which 
etiologic significance may logically be attributed is hypoglycemia, 
but its existence is disputed It certainly occurs in some cases, and 
should be tested for when the patient is first seen, because after dextrose 
therapy is started the results of blood sugar estimation will be of tt e 
diagnostic value Albuminuria is not infrequent but does not a ter 


the prognosis 

B Eclampsia This is a specific toxemia of pregnancy occurring 
usually in the last three months, during labor, or in the puerperium 
The more thoroughly cases thought to belong in this group are stu ® 
by competent internists, the fewer remain Peters 3 even dou s 
existence of this condition as a clinical entity Certainly it is a ag 
nosis which should be made after elimination of the conditions 
1 Providing this possibility is considered whenever vomiting 1S “ j Jor 
a woman over 10 and under so years o! age and the Friedman test is u x 

1 Bell E T Renal Lesions in the Toxemias of Pregnancy Am J tun 

^ aQ Stander H J and Cadden J T Blood Chemistry m Preeclampsia and Eclampsia 
Am T Obst &. Gynec 28 856-871 (Dec) 1934 , „ t a M A 110 3 * 9 - 33 * 

1 Peters J P The Nature of the Toxemias of Pregnancy jama* a 

Gan 9) 1938 
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under V It seems possible in view of the recent work of Goldblatt 
that most of the symptoms of eclampsia ma> be secondary to hyper 
tension resulting from pressure of the enlarged uterus on the ureters 
and renal blood \essels Many other theories of its etiolog> have 
been presented, including a disturbance of water balance, of plasma 
proteins or placental necrosis Clinically it is charactcnzed by hyper 
tension, coma, convulsions, and oliguria or anuria, none of which 
findings will differentiate it from uremia At necropsy, the typical 
li\ cr changes w Inch do not occur m true uremia, make the differentiation 
easy for the pathologist The only laboratory tests which are of 
differential diagnostic value are the blood urea nitrogen (or the non 
protein nitrogen) and the blood creatinine estimation These are 
high in true uremia but in eclampsia the blood creatinine is normal and 
the urea nitrogen does not exceed 30 mg The urea clearance is within 
normal limits unless the unne volume is under 1 cc a minute These 
tests should always be performed since uremia is almost certain to 
develop again if other pregnancies arc allowed to occur, w hile eclampsia 
docs not show this tendency The following tests arc indicated as 
guides to therapy and prognosis but arc of no differential diagnostic 
value as similar findings occur in any of the conditions which may 
lead to uremia The alkali reserve estimation is important as it 
usually rev cals acidosis requiring treatment The urine w ill be of small 
volume, of high specific gravity, and will contain three to four plus 
albumin and casts, with or without red cells Ihc blood sugar level 
averages above normal The value of this determination is disputed 
I here arc extreme fluctuations in the blood sugar level with a very 
rapid fall (usually from a preceding high level) to a relative or absolute 
fnpoglvcemia just before each convulsion with a return to the high 
level following the convulsion Clinical improvement is reported to 
follow dextrose therapv 

The following changes occur but are largely of research interest, 
as they arc neither of diagnostic nor of prognostic v aluc 1 he uric acid 
is constantlv increased in the blood The proportion of the total 
mlrogtn of the urine occurring in the form of ammonia nitrogen is 
often over 10 per cent, the increase occurring at the expense of the 
urea nitrogen fraction Icsts of liver function (Chapter V) mav be 
done but so far have viclded little information of value 

These cases nnv be recognized before the onset of convulsions or 
coma \l this stage it is permissible to applv the term pre eclampsia, 
but the majontv of patients prtviouslv so classed probabls have been 
cases of low reserve kidnev ” of acute or chronic nephritis or of 
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it is not certain that it Is the primary etiologic factor and not merelv a secondary 
invader 

H Osteomalacia ‘—This is a disturbance of calcium and phosphorus metab 
ohsm, occurring most frequently in pregnant women It is characterized dm 
‘catty by bending and fracture of the bones resulting in great deformity There is 
a great deficient of calcium and phosphorus in the bones and these elements are 
much decreased in the bloodstream It occurs in persons on a limited diet who are 
not adequately exposed to sunlight Hence, it is common in China and India, and 
a great increase in its frequency occurred in the Central European countries in the 
starvation period during and immediately following the World War Its etiology 
is not definitely determined, but the theory having most support is that it is an 
adult form of rickets and, therefore, due to a deficiency in vitamin D 
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SECTION I USE AND CALIBRATION OF APPARATUS 


A Burettes — i Choice and Care — The 25 cc type, graduated 
in o 1 cc is most satisfactory for routine laboratory use, but smaller 
sizes, eg, 5 cc graduated in o 02 cc , may be obtained for micro 
methods Burettes are obtainable either with a glass stopcock or for 
use with a pinch cock 1 and rubber connection to a glass tip The all 
glass type is slightly more accurate, but is less con\ ement for clinical 
use because the tip and stopcock are hard to clean, are corroded by 
alkaline solutions, are easily broken and the stopcock sometimes sticks 
tight A further disadvantage is that the bore of the tip is not adjust 
able In the other type, several tips of different sized bore may be 
used on the same burette for delivering small or large drops 

To fill a burette properly , close the pinchcock and pour in the solu- 
tion, through a small funnel, to a point well above the graduations, 
force out air bubbles by compressing the rubber tubing abov e the pinch- 
cock, turn the glass tip up until the point is above the lev el of the rubber 
tubing and then open the pinchcock until the air bubble is forced out 
and solution flows from the tip, adjust the top level to the zero mark 
When through with the burette for the day , drain the contents, rinse 
with tap water and distilled water, invert to facilitate drainage, and 
leave the pinchcock on the glass tip and not on the rubber tubing 
When using the same burette for different solutions successively, it is 
important to rinse first with distilled water and then with some of the 
solution next used 

2 Calibration — In order to secure accurate results in any type of 
quantitative analysis it is absolutely necessary first to recalibrate all 
measuring apparatus unless it has been certified by the Bureau of 
Standards or is factory tested with a certificate furnished The error 
in volume delivered or contained should not exceed o 4 per cent 
All glassware should be cleaned with cleaning solution 2 before call 
bration 

When calibration by the w eight of mercury or of pure distilled water 
contained or delivered is not possible because of lack of fine balances, 
it may be done with an accurate burette or pipette certified by the 

1 Some prefer a solid glass bead inserted in the rubber tubing 
* Make th « fresh once a week by adding sbitly a parts of concentrated sulphuric acid to 
t part of 20 per cent sodium or potassium di chromate solution 
3*7 
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Bureau of Standards or factory tested with certificate A certified 
2 cc pipette, graduated in o 02 cc or a 1 cc pipette, graduated in o 01 
cc is very useful for measuring small amounts of solution accurately, 
as well as for calibration of other apparatus To calibrate a burette 
with a certified burette, fill the latter with water to the zero mark 
and then drain out to the 25 cc mark, allowing proper time for drainage 
(40 sec for 25 cc), fill the burette to be calibrated to the zero mark 
with water and then run out 5 cc portions into the certified burette, 
allowing time (10 sec for 5 cc ) for drainage, read the certified burette 
and make note of any significant error, repeat the process until the 
entire volume is tested 

To test a burette with a certified pipette, fill to the zero mark, drain 
to the 25 cc mark, allowing time for drainage, and then measure in 
5 cc portions with the certified pipette, noting errors as above 

3 Technic of Titration — In aadimetnc work put the standard 
alkali in the burette The solution to be titrated should be placed in an 
Erlenme> er flask of 300-400 cc capacity and this placed on a plain white 
background, such as unruled paper or white tile, to facilitate detection 
of the end point The indicator is added and the titration is begun, 
keeping the solution agitated constantly 1 The solution in the burette 
may be added somewhat rapidly at first but slowl> when the end point 
is approached When very near the end point add a fraction of a drop 
at a time, and mix after each addition In certain cases it is of advan 
tage to compare with a control or color standard using a white back 
ground and reflected light from a source of light behind the operator 

The Erlenmeyer flask is preferable to the beaker and stirring rod 
because it is much faster, requires less manipulation, and there is no 
danger of losing the estimation by poking a hole through the container 
or by splashing out of solution 

B Pipettes — 1 Types — There are three types of pipettes for 
routine laboratory work, the plain, graduated, and volumetric The 
plain type is for use when the quantity is unimportant as in qualitative 
tests or to secure a drop of fluid for microscopic study, and has no 
graduations A medicine dropper is superior for most purposes for 
which plain pipettes are usually used 

The graduated (Mohr) type is for more accurate work and is call 
brated in o 1, o 05, o 02, or o 01 cc from the zero mark to the tip or to 
the final mark just above the tip The \olumetnc type is most accu 
rate, has only one mark and has a dilated portion between the tip and 

1 Right handed persons should learn to manipulate the pmchcock with the 
and keep the solution swirling in the titration flask at the same time with the ngnt n 
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this mark This tjpe is intended to measure accurately b> drainage 
and should not be blown out 

Micropipcttes for measuring volumes of o 2 cc or less are often 
\er> inaccurate, e\en if standardized bj the Bureau of Standards 
Therefore, micromethods should be a\oided whenever possible and, 
where necessarj , as in hematologj, the pipettes should be recalibrated 1 
This ma> be done by titrating equal volumes of accurate dilutions of a 
strong (about 6N) potassium lodate solution made with the pipette to 
be tested and with a tested 1 or 2 cc pipette and comparing the values 
obtained An excess of potassium iodide and N/ 1 sulphuric acid are 
added and the solutions are titrated with N/200 sodium thiosulphate, 
using starch as indicator, as in the Shaffer Hartman sugar method 
For use when man} such calibrations are to be made, a pipette calibra- 
tor has been designed* which operates on the principle of mercury 
displacement b> micrometer screws and will calibrate pipettes of less 
than 5 cc capacity with great speed and accuracy 

2 Calibration — All pipettes should be checked for accuracy 
either by the weight method or against a certified burette as descnbed 
above Time for drainage should be determined if not noted on the 
apparatus Ostwald pipettes and pipettes marked to the tip must be 
blown out after proper time of drainage if the full amount is measured 
If the zero mark on the volumetric type is not accurate, make a new one 
on a piece of label and test it When the correct level is determined a 
new permanent mark may be made with a file or a diamond tipped 
glass pencil 

Semi automatic delivery pipettes,* connected to overhead siphon 
bottles, arc convenient for large laboratories Burettes or calibrated 
lengths of glass tubing connected to overhead siphon bottles, with 
provision for exit of air and exclusion of dirt, aid in rapid measurement 
of exact quantities 

3 Care — When through using a pipette nnse it well with distilled 
water and stand it vertically, with the tip upward, on clean absorbent 
material such as a paper towel or in a special drying rack to drain and 
dry 

Before using a pipette for standard solutions or for accurate measur- 
ing, it should be dried or else nnsed with a little of the solution to be 


‘Dunn V 1 Tbe Calibration o! White Blood Cell Dilution Pipettes J Lab and 
Clin Med 10 os-ioo (Oct ) 1933 

•Obtainable from the Shaw Surgical Co Portland Oregon 
Osgood I F Osgood A H and West l S An Accurate I incite Calibrator and 
Microaspirator Am J Clin Path Tech Supp a 118-133 (May) 1930 
•Jenmson M W A Rapid and Accurate Semi Automatic Deln ery 1 it 
Pub Health 14 59U*n)>93< 


ucrylipette Am J 
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used Never lay a pipette down m such a way that the tip becomes 
contaminated 

C Graduated Cylinders — These are graduated, cylindrical 
vessels obtainable in various sizes, 25, 50, 100 cc , etc They are not 
accurate and should be used only for rapid, rough measurement by 
delivery 

D Volumetric Flasks — These are flasks with a long, narrow neck 
graduated to contain or deliver one exact quantity at a certain tem 
perature It is important to allow the correct time for drainage when 
using for delivery and to keep in mind the fact that a flask calibrated 
to contain (marked E, T C , or “to contain”) 100 cc wall not deliver 
too cc from the same mark because of solution adhering to the glass 

E The Microscope — A complete discussion of the mechanics, optics and opera 
lion of the microscope is given in the literature accompanying the apparatus o 
only the methods of avoiding common errors and two of the special attachments 
will be discussed here 

r Care — A microscope should be covered with a cloth or a plastic dust cover 
shaped like a bell jar or put tn a special box when not in use The objectives 
especially the oil immersion lens, should be wiped off with lens paper and xylene 
or benzene and then dried with lens paper after they have been used All movable 
parts should occasionally be lubricated with a light grade of machine od 

3 Use —North daylight gives the most accurate color values but a microscope 
lamp with a blue glass window is most convenient and dependable for routine use 
Adjust the amount of light both with the diaphragm shutter and by the height of the 
condenser It is important to reduce the light intensity when examining such 
things as urinary sediment and parasitic ova Always focus the object by raising 
the objective, 1 e lower the objective until it almost touches the object with the 
eyes on a level with the object, then look through the ocular and raise the objective 
until the object is brought into focus Certain combinations of ocular and objective 
are best adapted to each kind of work The ordinary microscope is equipped with 
5*. and vox. otxdata and 16 mm , 4 mm , and the v <} mwv (od immersion) objectives 
An 8 mm objective is well worth the additional cost If the microscope is to be 
used for laboratory diagnosis only and not for examination of tissues, money may be 
saved and an even more convenient optical system obtained by substituting an 
8 mm objective for both the 4 mm and 16 mm objectives and omitting the $ x e ^ e 
pieces The combination of the iox eye piece and 8 mm objective gives a ma 
cation of 200X which is ideal for examination of unnary sediments blood 
searching for intestinal parasites and survey f id or marrow ‘ 
atypical cells to be examined further^ f 
microscope is satisfactory for 
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notation of this value along with the ocular, objective, and tube length used 
Usually it is possible to adjust the tube length so that the factor for converting 
spaces to micra is an even number 

4 Dark field Illumination — This is a form of illumination in which the object 
appears light and the background dark In order to be visible, the objects must 
be in a refracting medium different from themselves and must have either strongly 
refracting or reflecting qualities The optical arrangements must be such that 
the object is lighted by a beam of light which cannot get into the objective either 
because the rays arc so oblique or because they are cut out before reaching the eye 
Only that light which is reflected, refracted, or diffracted by the object reaches the 
eye The procedures necessary for dark field observation are a powerful source 
of light should be arranged so that parallel rays fall on the mirror, the dark field 
condenser should be raised until its top is flush with the upper surface of the stage 
and it should be accurately centered, the preparation to be examined should be 
mounted on a cover slip and this sealed with vaseline or oil, to a slide of proper 
thickness, a large drop of immersion oil should be placed on the upper face of the 
condenser and on the cover slip, the slide should then be placed on the stage so 
that there is oil immersion contact between slide and condenser, the oil immersion 
objective should be focused on the object and a final adjustment of the light should 
be made with the mirror The achromatic oil immersion objectives with built in 
diaphragm are convenient if the microscope is to be used for both dark field and 
other purposes 

F The Colorimeter — This is an instrument for comparing the 
intensity of the C color o f two .solutions, not the char acter of thexolor, 
although the results are more accurate when the character of the color 
is the same in each solution 

1 Choice — An instrument of the plunger type having a lamp 
m the base, such as the Klctt or Kober_is_the most_satisfactor} A 
colorimeter lamp is better than daylight because the intensity of the 
light is more constant 

2 Setting the Instrument — Make sure that the cups and plungers 
are clean and dry or rinsed with the standard solution Put the same 
solution m both cups, set them in the instrument and make sure that 
they are in the proper position Acid hematin solution prepared as 
for an Osgood Haskins hemoglobin estimation is the most satisfactory 
material tor accurately setting a colorimeter which I have found, as 
it does not change with changes m temperature and very slight changes 
in intensity of color transmission are detectable Raise the cups unti 
the plungers touch the bottom of the cups, the verniers should rea 
exactly zero If they do not, make sure the cups are properly locate 
and the plungers screwed up tight If the verniers still do not rea 
zero when the plungers are in contact with the bottom of the cups, 
adjust the position of the verniers until they do read zero Then set 
both sides at the same reading, preferably somewhere in the range o 
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color intensities that occur in the actual estimation Now make both 
sides match by changing the position of the lamp in the base Check 
the adjustment by making several readings on the solution in the right 
hand cup as though it were an unknown 

In matching, start with a slightly too pale color and gradually 
int ensify it Be careful not to tire the eye, looking at the colored light 
for only a few seconds at a time If in doubt as to the end point, turn 
the screw back and forth from the point which is the least detectable 
degree too pale to the point which is the least detectable degree too 
intense, and when the extent of this excursion has been mentally noted 
stop in the mid point of this excursion and take the reading Eye 
fatigue errors will be greatly reduced if as little time as possible is 
consumed in bnnging the color intensities to equality Therefore, in 
repeated readings, turn the cup adjustment only sufficiently to make 
a slight difference in color intensity before starting Constantly ask 
yourself whether this is deeper or paler, not whether these are the same 
in character of color 

When the adjustment is correct, securely fasten both the lamp 
and the colorimeter in position so that they cannot be moved or, 
if using the lamp in base type, tighten the set screw holding the bulb 
in position Place some mark of identification on the left hand cup 
and use it for the standard m all estimations This is important 
because the bottoms of the cups vary in thickness and the zero point 
may be incorrect if they are interchanged 

To perform an actual estimation, place the standard in the marked 
cup on the left hand side and set it at the reading specified for the stand- 
ard in the method used Place the unknown in the nght hand cup 
and match it with the standard Take the average of at least three 
readings When matching pale colors, more accurate results may be 
obtained by placing a plate of ground glass between the cups and the 
source of light In some determinations accuracy is increased by color 
filters to limit the wa\e length of light transmitted to a narrow band at 
the point of maximum absorption of the compound to be determined 

3 Care of the Colorimeter — When through with the instrument, 
rinse out the cups and dry them and place in a covered box to keep 
out dust and prevent breakage Wash and dry the plungers also 
Between estimations of the same type nnse the cup with a little of the 
unknown solution that is to be used next When changing standards, 
the cups and plungers should be rinsed and dried before the addition of 
the next standard When the colorimeter is not m use, keep it cov 
ered with a cloth or bell-jar to keep out dust and moisture 
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G The Biocolonmeter — This maj be made from a block of 
wood according to the specifications given (Fig 9) It should be 
painted black With a suitable set of standards, almost any colon 
metric method can be adapted for use with this It is less accurate 
than the plunger t) pc colorimeter for clear solutions, but more accurate 
for determinations in which there is interfering turbidit) or color It 
is well adapted for determinations on serum or urine 

1 Principle — A graded senes of clear standards is compared with 
the unknown in which the specific color has been developed with water 



Fic 9 — Construction of a Biocolonmeter 


behind the unknown and the serum or urine containing the interfering 
turbidity or color behind the dear standard It is necessary that all of 
the test tubes be of the same shape and diameter 

H Photo Electric Colorimeters —A number of photo electric 
colorimeters are now on the market The) are constantly being 
improved so they may become obsolete quickly The) do not increase 
the accurac) of most determinations over that obtainable with a goo 
colorimeter in expert hands but they do considerabl) increase t e 
rapidity of estimation when many determinations are run at a time 
The photo electric colorimeter will probabl) pay for itself in time 
saved in any laborator) doing more than joo colorimetric determma 
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tions a day It should be remembered, howeier, that photo electric 
colorimeters introduce sources of error which are less apt to occur in 
ordinary colorimetry The photo electric cells detect only light 
intensity so that differences in character of color or m turbidity arc 
not noticeable as warnings of some error in technic or contamination 
of a standard The photo electric cells are so sensitrv e that a grease 
mark such as a thumb pnnt on the side of the container maj introduce 
significant error Mechanical failure of the apparatus is more apt to 
occur and more difficult to correct than in other types of colorimeters 
The accuracy of all subsequent determinations will depend on the 
accuracy of calibration of the colorimeter for the method and unless 
frequent checks are used an error in calibration is more likely to remain 
undetected than in a regular colorimeter Any colorimetric or tur 
bidimetnc method may be adapted for use with^hc photo electric color 
imeter by determining three or four widely different concentrations 
on known solutions and plotting the results on semiloganthmic graph 
paper Directions for use accompany each instrument 
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A Prerequisites — These are a fine balance that will weigh 
accurately to o i milligram, measuring apparatus certified by the 
Bureau of Standards, factor) tested with certificate, or recalibrated 
as described above, a supply of distilled water and chemically pure 
reagents or approved directions for preparing them 


B Standard N /10 Sodtum Hydroxide — This is prepared from a stock solution 
oi about 60 per cent* sodium hydroxide (dissolve 100 grams ot sticks of pure sodium 
hydroxide in 135 cc of water) which has been allowed to stand until clear Dilute 
4 cc of the stock solution to 500 cc (approximately 15 per cent stronger than N/10) 
with distilled water and place in a tightly corked non sol or Pyrex flask, or a flask 
coated on the inside with paraffin This is to prevent corrosion of the glass and 
alteration of the strength of the solution (dissolving of alkali from the glass) 

For checking this solution I prefer an M/to solution of potassium acid phtha 
late 1 {a 0414 grams of pure crystals dissolved and diluted to too cc) because the 
crystals (free of water of crystallization) can now be obtained chemically pure and 
ready to weigh 4 Fill the burette with the sodium hydros de Measure accurately 
with a pipette 5 cc of the phthalate solution into a clean 400 cc Erlenmeyer flask 
containing 10 cc of distilled water, two drops of a 1 per cent alcoholic phenol 
phthalein solution and enough very dilute sodium hydroxide to give a faintly pink 
color Titrate to the pbenolphthalem end point, observing all the precautions 
given under the technic of titration above Add another 5 cc of phthalate solution 
to the mixture and titrate again to see if the two check From the titration figure 
calculate the dilution of the sodium hydroxide necessary to produce an exact N/xo 
solution, make the dilution of the entire amount, and test it by titration as above 
Example of calculation If 9 S cc of the sodium hydroxide solution are equiva 
lent to 10 cc of the M/ 10 phthalate solution then 9 8 cc contain the amount of 
alkali that is desired for xo cc therefore every g 8 cc should be diluted to 10 cc 
The following proportion may be used for calculating the dilution of this solution 
98 10 total volume of stronger than N/10 NaOH x, “x" is the volume to 


1 All reagents and standards mentioned in this text may be purchased ready prepared 
from the Shaw Surgical Co Portland Oregon , , 

* In quantitative chemistry the percentage of a solution refers to the number ol g 
of the solute contained in 100 cc of the solution . , „ , ,, 

1 A more commonly used method of checking standard alkali (NaOH) is by tjtr 
(with phenolphthalem) with exact N/10 oxalic acid prepared by w eight from pure c y* 

The crystals are purified by recrystallizatron and are then thoroughly air-dried 
the proper water of crystallization The objections to this method are the extra • ma«JP 
tions necessary to obtain the pure substance and the possibility of over or under ry“*g 
4 When making standard solutions transfer the weighed substance to a 1 « 
flask partly fill the flask with solvent dissolve and dilute to exact volume neve r aoo « 
crystals directly to the total volume of solvent When making exact dilution 
mix the smaller quantity and the supplementary volume but transfer the smaller q 1 
to a volumetric flask and dilute to exact volume 
346 
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which the strong (N/to +) alkah must be diluted to give an exactly N/io solution 
If exactly one liter of solution is desired use the following formula 9 8 10 x 
1000 * x’ is the volume of solution stronger than N/10 to dilute to one liter to 
give an exactly N/10 solution 

C Standard N /10 Sulphuric Acid — Measure 1 6 cc of C P sulphuric acid into 
a 500 cc volumetric flash, dilute to the mark with distilled water and mix This 
will give a solution about 10 per cent stronger than N/10 Titrate 5 cc portions 
as directed in B with the exact N/ 10 sodium hydroxide 1 (prepared as in B) From 
the titration figure calculate the dilution of the stronger than N/10 acid necessary 
to produce an exactly N/to sulphuric acid 

D Standard N /70 Solutions — Prepare these by exact dilution of the N/10 
solutions with distilled water A rapid way is to use a too cc and a 500 cc volu 
metnc flask Measure exactly too cc of N/ 10 solution in one flask and 500 cc of 
distilled water in the other flask Empty both into a large dry flask or bottle 
using part of the water to nnse the solution out of the small flask Take 100 cc 
more of water with the small flask and empty Mix well rinse both flasks with 
some of the N/70 solution and pour it back into the large bottle Prepare both 
acid and alkaline solutions and check them by titrating the acid with the alkali 
They should check within o 4 per cent It is best to measure the acid with the same 
pipette that is used to measure the acid for an actual estimation 

‘A method commonly used for checking N/10 sulphuric acid is by titration (with 
methyl orange or sodium alizarin sulphonate not with phenolphthalein) with exactly N/10 
sodium carbonate prepared by weight from pure dned powder The latter is obtained by 
strongly heating C P sodium bicarbonate until sodium carbonate is formed The dry 
powder is cooled in a desiccator before weighing The objections to the method are the 
extra manipulations necessary to obtain the pure dry powder and the possibility of not 
completely converting the bicarbonate to carbonate 
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A Routine Qualitative Examination — The following tests are 
usually included in a routine urinalysis the color, appearance, odor, 
specific gravity , reaction, sulphosahcyhc acid test for protein, reduction, 
acetone, and microscopic examination of the sediment The reaction 
and'^iccific gravity could well be omitted on single specimens and be 
done onlj if specifically ordered since they gi\e little information of 
\aluc unless 1 ' done- on accurately collected and properly preserved 
24 hour specimens The first time a reduction test is positive on the 
urine of a particular patient the reducing substance should be identified 
If acetone is present a test for acetoacetic acid should be done If the 
sulphosahcyhc acid test gives a precipitate which disappears on boiling, 
the substance responsible should be identified If the color is deep 
brow n or yellow the test for bile should be done If the color is smoky 
red or dark, the test for hemoglobin should be done If it is purplish 
red the test for porph) nns should be done A dark brown or black 
color indicates the test for alkaptonuna or melanin 

In large laboratones much money may be saved by using smaller quantities for 
tests than are recommended in most texts Color or turbidity may be seen as 
easily in 1 or 2 cc as m 10 or 20 cc 

Proper planning of the unnalysis will save much time if many specimens are to 
be examined Tirst start the heat under the water bath so it will be boiling when 
it is needed Arrange the specimens in sequence and number report forms to 
correspond Keep these forms in sequence Test tube racks for the albumin and 
acetone tests should be permanently numbered as should the racks for the boiling 
w ater bath and the positions for the centnfuge tubes Fill the centrifuge tubes and 
start the centnfuge While these unnes are centnfugating place the picper amount 
of Benedict’s solution in the test tubes and arrange them in the rack and put about 
1 gram of sodium mtroprusside and ammonium sulphate mixture m each tube for 
the acetone test by dipping the end in the powdered matenal Remove the tubes 
from the centnfuge into numbered racks With a medicine dropper transfer 
o 3 cc of unne to the Benedict s tubes and about 1 cc each to the corresponding 
albumin and acetone tubes Rinse the dropper in ninnng water and repeat for 
each successive specimen Place the Benedict’s tubes in the water bath whi 
should be boiling and set the interval timer for five minutes Decant the super 

natant fluid from the centnfuge tubes and do the microscopic examination, recording 

the results as they are done Remove the Benedict s tubes from the water at 
when the bell nngs and allow to stand until the sediments are completed an t e 

rRilduffe R A Chmcal Urinalysis and Its Interpretation Pp 4*8 PA Davis Co 
Philadelphia 1937 
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acetone and sulphosalicyhc acid tests are ready to read Using a 10 cc pipette with 
a rubber bulb add ammonia to each of the acetone tubes An especially built 
rack holding the tubes inclined at an angle of about 30° in front of the corresponding 
albumin tube is convenient Then with the sulphosalicyhc acid in a dropping 
bottle add the proper amount to each albumin tube Mix and heat the tubes to 
boiling that show a cloud Read the results of the albumin, reduction and acetone 
tests and record them on the slips all at once Do acetoacetic acid tests on the 
urines with positive acetone and test for Bence Jones protein on the urines in which 
a cloud in the sulphosalicyhc test clears on boiling Start the tests for identification 
of the reducing substance on the urmes from patients who have not previously had 
positive reduction tests The specific gravity may be noted most efficiently if 
glass tubing of proper diameter to contain the unnometer is cut off and fitted with 
a one hole rubber stopper Support it in a clamp over the sink and attach by 
means of a short length of glass tubing a rubber tube going down the sink drain 
Pour in the urines while pinching the tube or using a pinchcock and note the color, 
odor, appearance specific gravity and reaction Allow to drain and pour m the 
next, recording the results as each is done Complete the tests indicated and 
record the results Using this system an expenenced technician can do 100 
urinalyses in two and a half hours 

r Collection and Labelling of Specimens — Under ordinary conditions the 
composition of the urine varies greatly at different hours of the same day For 
this reason the collection of the unne is extremely important and no quantitative 
test is of much value unless a sample of the mixed 24 hour specimen is used and 
the total 24 hour volume is accurately known The patient or the one responsible 
for the collection of the urine should be given specific instructions preferably 
written about the time and manner of starting the collection care after collection, 
and mixing and measuring of the total volume 

The patient should void at a specified time say 8AM and discard this unne, 
then save all the urine voided from then until 8AM of the next day at which time 
the bladder should be completely emptied whether there is a desire to void or not 
The unne should be saved in a clean bottle or fruit jar to which has previously 
been added 1 cc of toluol It is best to keep a supply of large bottles in the iabora 
tory for this purpose The bottle should be shaken after each new addition of 
unne At the end of the 24 hour penod the total sample should be well mixed 
measured carefully and an 8 ounce portion saved for examination If only quahta 
tive tests are desired excepting in the case of a diabetic under treatment a single 
specimen voided at any time of day will serve the purpose A bottle of 8 ounce 
capacity with a wide mouth and a tight fitting cap having a place for the date 
and patient s name is recommended 

Labelling of specimens is extremely important and should be done as soon as the 
urine is voided The label should include the patient’s name in full the exact time 
of collection (minute hour and day) whether voided or taken by catheter and 
if in a hospital the floor and ward number All of this data must be transferred to 
the permanent laboratory record A system of forms has been devised 1 which serves 
as the order form the label on the specimen the report form and the record form 
and saves writing for all persons concerned 

‘Osgood E E A Simple Set of Laboratory Torins J Lab & Clin Med 22 in fi- 
ll 83 (Aug) 1937 
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Examination for the presence and approximate amount of pus or red cells must 
be made on a cathetcnzed specimen If a culture or stain for bacteria is desired 
the urine must be obtained by catheter and collected in a covered sterile bottle 

2 Color — Record this as pale, straw, yellow, amber according to 
the intensity, if the color is normal It vanes considerably even m 
health, largely because of variations in the amount of urine voided and 
vanations in the diet The usual color is due chiefly to \anations in 
the concentration of urochrome Traces of uroerythnn and urobilin 
ogen are frequently present Abnormal colors may be orange, green, 
brown, red, blue, purple, or black and indicate further examination 
to determine the cause 

A green, or brownish color, especially if the foam is yellow, is an 
indication to test for bile pigments and bile salts, and a reddish or 
smoky appearance is an indication for a chemical test for hemoglobin 
if the microscopic examination for red cells is negative even if these 
tests nere not ordered Methemoglobmuna gives nse to a brown 
color associated with brown stained casts and usually positive albumin 
and occult blood tests Such findings indicate a spectroscopic examina 
tion, a study of the blood for methemoglobin and an interview with 
the patient to determine what drugs have been taken Porphyrinuria 
gives a purphsh red color to the unne Such a color, therefore, is an 
indication for a porphyrin test and for inquiry as to the ingestion 
of sulphonal, tnonal, or tetronal It may occur as a congenital anom 
aly Occult blood tests will be negative A brown or black color 
may be due to homogentisic acid (alkaptonuria), melanin 1 (melanosis), 
or phenol poisoning and is always an indication for saving the unne 
for special study Dmitrophenol giv es nse to an orange color A green 
or blue color results from administration of methyl thionm chlonde 
(methylene blue), a red color, from mercurochrome instillation, 
and argyrol instillation may explain a brown color 

3 Appearance — Record this as clear, slightly turbid, turbid, or 
cloudy Freshly voided normal unne is usually clear Upon standing, 
mucus and epithelial cells, especially m unne from women, settle and 
form a faint cloudiness in the bottom of the container Amorphous 
urates precipitate m acid urine and form a “bnck-dust” or flesh colored 
sediment which disappears on dilution or warming Amorphous phos 
phates precipitate in alkaline urine and form a whitish sediment which 
grossly may be mistaken for pus but which disappears on acidification 
with acetic acid None of these types of cloudiness are abnormal 
although they frequently alarm patients who happen to observe them 

l If on addition of bromine water a yellow precipitate forms which turns brown or blac 
melanuria is probable and the melamn test is indicated 
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Red blood cells give the unne a smok> appearance as well as a 
reddish or brown color Pus cells in sufficient quantity produce a 
whitish cloudiness but settle out Iea\ing the urine clear Bactena in 
large numbers produce a uniform cloudiness which does not settle out 
and cannot be filtered out with filter paper The record of the micro 
scopic examination should clearly indicate the cause of anj turbidit) 

4 Odor — This should be recorded in accurately descnptne terms 
(e g , aromatic, ammomacal, putnd, fruit> , etc ) Normal unne has 
a characteristic aromatic odor probably due to aromatic acids The 
odor is more marked in concentrated unne Yanous articles of diet 
(asparagus), certain drugs (turpentine), and some of the pathological 
constituents (acetone) of unne impart a charactenstic odor Decom 
posed unne has an ammomacal odor 

5 Specific Gravity and Total Solids — The specific gravity maj 
be most conveniently estimated by means of the unnometer, in the 
tube descnbed on page 339, m a c> Under or in the specimen bottle if 
of the wide mouthed type Other methods are with the Westphal 
balance and with an instrument similar to the hydrometer used for 
testing storage battenes in which the unne is aspirated into a tube 
containing the urinometer With an> of these methods the require 
ments are enough unne to float the unnometer, the float must not 
touch the sidewall of the container, there must be no bubbles on top 
of the urine, the container and urinometer must be nnsed between 
each reading with some of the unne to be used next, and the tempera 
ture of the urine must be between 20 and 25° C The specific gravity, 
to be of most significance should be taken on a well mixed 24 hour 
specimen, but prelirmnarj information maj be obtained from single 
specimens 

The grams of total solids excreted in 24 hours may be roughlj 
estimated as follows Multiply the last two figures of the specific gravitj 
(considered as a whole number) of the mixed 24 hour specimen by 2 6 
and then multiply b> the total volume m cc divided by 1000 

6 Reaction —This must be taken as soon as possible after the unne 
is passed and is best determined with Squibb’s mtrazine paper compar- 
ing with the color chart furnished This gives an approximate idea 
of the pH If both red and blue Utmus paper are used, there are 
four types of reaction acid, alkaline, neutral, and amphoteric If 
acid, both papers are red, if alkaline, both are blue, if neutral, neither 
changes color, and if amphoteric, both papers change color slightly 
To be of most significance, the reaction should be taken on the mixed 

24 hour specimen If the unne is acid to litmus paper and gnes - 
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a red color with 005 per cent methyl red in 50 per cent alcohol, it 
indicates that the urine is sufficiently acid (pH 5 4 or less) for the action 
of mandclic acid or methenamme (urotropm) in the treatment of 
urinary infections If the urine is alkaline to litmus paper and gives 
a deep red or purple color with o 1 per cent aqueous solution of phenol 
red, it indicates that the unne is alkaline enough (pH 7 4 or more) 
for the treatment of urinary infections with sulfanilamide If accurate 
information on the reaction is desired, the pH should be determined 
with a Beckman model G pH meter or some instrument of similar 
type The directions for use of this instrument accompany the 
apparatus 

7 Protein -—The results of this important test should be recorded 
on a scale of 4* to 4* + +, grading from the least detectable 
positive test to the strongest that occurs in which the precipitate 
solidifies in the tube so that it wall no longer pour 

The proteins which may occur in the unne are serum albumin, 
serum globulin, proteose, Bence-Jones protein, and muon Occasion 
ally others may be found but they are of no importance, clinically 
Serum globulin and serum albumin usually occur together and need not 
be differentiated from each other They are usually both understood 
to be present when the terms heat coagulable protein or "albumin” 
are used Urine to be tested for protein must be perfectly clear, there- 
fore, cloudy unne must be filtered or centrifugated 

(a) The Stllphosahc\Uc Acid Test 1 — This is the most satisfactory 
routine test for protein It is a very delicate test for all unnary proteins 
of clinical significance and wall differentiate albumin and globulin from 
proteose and Bence Jones protein A rough quantitative estimate 
should be made from the density of the cloudiness The technic is as 
follows to about 1 cc of clear urine add 4 drops of a 20 per cent sulpho 
salicylic acid solution If no cloudiness appears protein is absent If 
a cloudiness appears, heat the mixture to boiling and then cool under 
the tap If the cloudiness persists on boiling and remains on cooling, 
albumin or globulin, or both, are present If the cloudiness disappears 
on boiling and reappears on cooling, either mucinous protein, proteose, 
Bence-Jones protein, resin acids, urates, or bile salts are present and 
further tests are indicated If both Bence-Jones protein and albumin 
or globulin are present, the cloudiness does not completely clear on 
boiling, but usually becomes less dense Do not confuse a clumping 
together of the precipitate and adherence to the walls of the tube with 
a true clearing by solution 

1 Osgood E E, Ha kins H D and Wilhelm Mable M Tests for Protein m Unne 
Especially Bence Jones J Lab & Clin Med 16 575-582 (March) 1931 
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(b) Further lests to be done il a cloud m the sulphosahc>hc acid 
test clears on boiling — (i) Salt and acetic acid heat coagulation test — 
To 5 cc of clear urine in a test tube add i cc of 50 per cent acetic acid 
and if no precipitate appears, add 3 cc of saturated sodium chlondc 
solution and mix Heat the mixture to boiling A cloudiness appear- 
ing in the cold on the addition of acetic acid is usually due to bile 
salts, resins, or mucinous protein A cloudiness appearing in the 
cold on the addition of the saturated sodium chloride solution sug 
gests the presence of Bence Jones protein but ma> be due to a large 
amount of globulin If a cloudiness appears on boiling and remains on 
cooling, albumin or globulin, or both, are present If a cloudiness 
appears in the cold which clears on boiling and reappears on cooling, 
Bence Jones protein is probabl} present and further tests for this 
substance arc indicated If both Bence-Jones protein and albumin 
or globulin are present a cloudiness will appear in the cold which 
becomes heavier at about 6o° C but does not completcl) clear on boil 
mg The great advantage of this technic over the technic commonl) 
used is that the precipitation in the cold immediatel> attracts attention 
to the possibilit) that Bence Jones protein is present, thus leading 
one to test further for this rare but important substance 

(2) Hydrochloric acid ring test — Carefully overlay the unne on r or 2 cc of 
C P hydrochloric acid A nng occurs if Bence Jones protein, resin acids or bile 
salts are present 

(3) Bence Jones protein 1 — If the preceding tests are positive this test is 
necessary to prove conclusively the presence of Bence Jones protein It 
is generally stated that Bence Jones protein precipitates on warming the 
urine to 6o° C and redissolves on boiling to reappear again on cooling 
This statement is true only if the reaction of the unne and its salt content are just 
right If such a result is obtained it is good evidence that Bence Jones protein 
is present but experience has shown that if the unne is not exactly nght as regards 
reaction for its salt concentration, the protein maj fail to precipitate at any tern 
perature or may precipitate and fail to clear on boiling Hence, one should proceed 
as follows Warm about 5 cc of unne in a test tube b> holding it in a beaker of 
water the temperature of which is gradually raised The temperature of the unne 
should be watched by the aid of a thermometer dipped in the unne itself Stir 
frequently Note the temperature at wrhich the first definite cloud appears and the 
temperature of maximum cloudiness Then remove the tube from the bath, dry 
its ettenor and boil for one or two minutes over the direct flame If the precipitate 
clears up completely, cool and note the temperature at which it reappears If it 
does not clear up add 50 per cent acetic acid a drop at a time continuing the boiling 
until 1 cc has been added If the precipitate has not redissolved with this amount 
it will not redissolve at all and consists in part at least of globulin or albumin In 
this case the boiling mixture should be filtered through a hot funnel A precipitate 

* See reference on p 342 
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appearing in the filtrate on cooling and redissolving on boiling proves the presence 
of Bence Jones protein If on the first warming no precipitate appears at any 
temperature, the urine is probably too acid or too dilute and this should be corrected 
by adding small portions of 10 per cent sodium hydroxide or saturated sodium 
chloride solution, repeating the gradual warming after each addition A cloudiness 
appearing at a temperature of 4S 0 to 65° C , disappearing on boiling, and reappearing 
on cooling at 65° to 85° C can be safely interpreted as due to Bence Jones protein 
The biuret test given below will demonstrate that the precipitate is protein 

(4) Biuret test — This is a conclusive test for protein To 5 cc of unnein a 
centrifuge tube add 1 drop of h>drochlonc acid and 5 cc of 2 per cent phospho 
tungstic acid solution and mix Centrifugate, pour out the clear liquid If 
necessary, filter instead of using the centrifuge Mix the precipitate with 5 cc of 
alcohol, and centrifugate again Pour out the alcohol To the precipitate add 1 cc 
of 10 per cent sodium hydroxide and shake a little Add o 5 per cent copper sul 
phate solution a drop at a time, watching for the characteristic violet color which 
one should learn by trying the test on known protein solutions If very little pro 
tern is present the color may be seen only in the middle zone A pure blue color is 
negative 

(c) Other Tests *»» Common Use — The nitric acid ring test is more expensive and 
less reliable than Robert's test Ring tests are not recommended however, since 
they do not give any differentiation between albumin proteose, Bence Jones pro 
tern resin acids, urates or bile salts, and the density of the ring depends more on the 
amount of mixing than on the quantity of protein present They are not as simple 
as the sulphosabcylic acid test Robert s reagent is made by adding 100 cc of C P 
nitric acid to 500 cc of saturated magnesium sulphate solution 

The heat and acetic test as ordinarily performed has several disadvantages 
Occasionally false positive and false negative results are secured Most cases of 
Bence Jones proteinuria will be missed It requires milch more time than the 
sulphosabcylic acid test 

8 Acetone Test (Rothera) — All unnes should be tested routinely 
for acetone Dip a one half inch test tube into a mixture of 1 gram of 
sodium mtroprusside and 100 grams of ammonium sulphate thoroughly 
ground together in a mortar so as to collect about a one half inch layer 
of crystals Add about 1 cc of urine and shake until saturated Not 
all the crystals should dissolve Add 1 or 2 cc of C P ammonium 
hydroxide and mix On standing for ten minutes or less a reddish 
purple color develops, varying from a slight pink to a deep perman 
ganate color depending on the amount of acetone present If aceto 
acetic acid is also present it intensifies the test A deep permanganate 
color developing at once is a 4 plus reaction A faint pink appearing 
only after minutes is a 1 plus reaction 

If the test is negative, it will not be necessary to test for aceto acetic 
acid since the latter is never present when acetone is absent 

9 Aceto -acetic (Diacetic) Acid — This test should be done 
whenever the acetone test is positive 
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(a) Lange's Test — Acidify i cc of unne with i drop of 50 per cent 
acetic acid and add 5 drops of 5 per cent sodium mtroprusside solution 
Allow 1 or 2 cc of C P ammonium h> droxide to flow dow n the wall of 
the tube to form a top lay er Within 1 minute a reddish violet nng will 
form if aceto acetic acid is present Disregard the color appearing 
on longer standing as it is probably due to acetone A brownish red 
ring may result from excess of acetone alone but as much as r 5 cc of 
pure acetone per liter of normal unne gives a negative test 

(b) Gerhardl’s Test — This is an older but less delicate test To 
3 to 5 cc of unne add 10 per cent ferric chlonde solution by drops 
until no more precipitate forms A brownish red color appeanng on 
addition of more feme chlonde to the filtrate is positive Man} drugs, 
including salicylates, phenol antipyrin and alkalies that are excreted 
into the unne give a color reaction also Boiling the unne to half 
volume before addition of the ferric chloride will result in a negative 
test if the color w as due to aceto acetic acid A positive reaction to 
this test indicates sev ere ketosis 

10 Reduction — All unnes should be tested routinely for the 
presence of reducing substances The first time a urine from a particu 
lar patient shows reduction further tests are indicated to determine if 
the substance is a sugar and, if so, which sugar it is To be clinically 
significant, the urine must contain enough reducing substance to 
reduce Benedict’s reagent in the heating time specified 

(a) Benedicts Qualitative Test — If more than one plus protein 
is present, remove it by the sulphosahcylic acid test and filtration 
or centnfugation Use enough of the filtrate to be equivalent to 
o 3 cc of unne 

Technic to 5 cc of Benedict’s qualitative reagent add o 3 cc 
(8 drops) of unne and mix Heat in a boiling water bath for exactly 
5 minutes (If only one unne is to be tested it maj be boiled over a 
flame for 2 minutes but gently shake the mixture constantly to prevent 
bumping) A red, orange, or yellow finely granular precipitate which 
rapidly settles indicates reduction If only a small amount of reduction 
is present, allow the tube to stand or centrifugate it before judging the 
result Reduction is accompanied by a change of color of the mixture 
to a green or yellow After settling the intensity of blue color of the 
supernatant fluid bears an inverse relationship to the amount of reduc 
tion With complete reduction it becomes almost colorless The 
character of the precipitate is the most important criterion A floccu 
lent precipitate which does not settle rapidlv is due to other substances 
than sugar 
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(c) Lactose Tests —This need be tested for only in the unne of pregnant or 
lactating women or in the unne of infants The unne should be diluted until it 
contains less than r o per cent as indicated by a + or + + reduction of Benedict’s 
reagent, before any of these tests are done 

(i) A modification of Rubner s test is recommended Mix 3 cc of unne 2 cc 
of C P ammonium hydroxide and 3 drops of ro per cent sodium hydroxide Heat 
in a beaker of boiling water and observe after 2, 3, 4 and 5 minutes heating A 
reddish brown color is positive Heating too long diminishes the color and makes 
it more brownish Other sugars give a yellow color Lactose below o 2 per cent 



lie 10 — Osazone crystals (yellow) a — phenyldextrosazone b — phenyllactosazone 


gives too slight a color for detection Do not remove protein since sulphosahcyhc 
acid interferes with the test 

(2) Cole s test The unne should contain less than 1 per cent of sugar Char 
coal removes from the unne bj adsorption all reducing substances except dextrose 
levulose pentose and formaldehyde (from urotropm m acid unne) Lactose in 
concentrations of less than 1 per cent is also removed Therefore, it is a vatuable 
test for occasional use to determine that reduction is due to glycuronic acid or 
lactose 

Shake 05 gm of best adsorbent charcoal (Merck s blood charcoal) with 12 cc 
of unne boil 1 minute cool and shake frequently dunng 10 minutes Filter 
through a small filter paper Add 5 drops of 50 per cent acetic aad to the filtrate 
and bod t minute (to decompose urotropm if present) Use 1 cc for a Benedict s 
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test (reduction Indicates dextrose, levulose, ot pent ose) 1 1 positive, do the osazone 
levulose and pentose tests on the rest ot the filtrate 

(d) Levulose Test (ScUwanoQ) — To 2 cc. of Selivvanoff's reagent add 03 cc of 
urine and heat In a boiling water bath for five minutes A deep reddish color 
which tends to remain distinct even after considerable dilution and is soluble in 
amyl alcohol denotes the presence of levulose A dextrose solution of 2 per cent 
or over will give a reddish color, which, however, fades rapidly on dilution There 
fore, the unne should be diluted before doing the test if the Benedict’s qualitative 
test indicates the presence of over 1 5 per cent of sugar 

Scliwanoff a reagent Dissolve 50 mg of resorcin in 70 cc of water and add 30 
cc of C P hydrochloric acid 

(e) Pentose Tests — L xylo ketose, 1 the pentose usually excreted, will reduce 
B enedict's qualitative solution In the cold, if allow ed to stand for 3 hours Levulose 
is the only other reducing substance, which may be present in the unne, which will 
give this test 

Amlin acetate test for pentose (White and Green) To 2 cc of unne add 2 cc of 
glacial acetic acid and 5 drops of pure redistilled anihn Heat just to boiling, allow 
to stand for 2 minutes, cool, and extract with chloroform A red color indicates 
pentose in a concentration greater than o 1 per cent Dextrose gives a green color 
which decreases the sensitivity of the test, so that if dextrose is present (dextrosa 
zone crystals obtained in the phenylhydrazine test) it should be removed by fermen 
tation with yeast before the pentose test is performed 

Bial’s test To a cc of Bial s reagent add o 5 cc (ro drops) of unne and heat 
until greenish Add about x cc of amyl alcohol and shake a little (dilution with 
water will cause the alcohol to separate), the top layer of alcohol will have a pure 
green color if pentose is present, an olive green is not a positive test Glycuronates 
sometimes give positive pentose tests but they can be eliminated bv treating the 
unne with charcoal (Cole’s test) 

Bial $ reagent Dissolve 3 o gm of pure orcinol in 100 cc of 95 per cent alcohol 
and add 2 o cc of 10 per cent fetnc chlonde This solution keeps As used, add 
1 part of this to 9 parts of C V hydrochlonc aad 

(f) Glycuronates — These may cause the unne to give positive reduction and 
pentose tests but after the unne is treated with charcoal, all these tests are negative 
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Glycuronates may be detected with the polanscope (le\o rotation), if protein 
levulose and beta hj droxybutj nc acid are absent 

(g) Bomogenltstc ad (rare) —This is easily detected because the urine turns 
brown and finally black on exposure to air It reduces Benedict’s reagent 

12 Examination of Sediment — This should be done as a routine 
on ever} urine It is best done on the sediment of the entire night 
sample, collected between the hours of 9 00 P M and 700AM It 
should be done as soon as possible after the specimens are collected 
as man} important sediments may dissolve on standing and crystalline 
sediments of little significance may appear 

If only sediments are to be looked for the urine specimen should be 
collected m a bottle which has been rinsed out with 10 per cent formalin 
as this preserves sediments better than other antiseptics 

(a) Gross Inspection — A more accurate quantitative idea of the 
amount and kind of sediment present is obtained if the volume of 
sediment in the centnfuge tube and its appearance are compared with 
the results of the microscopic examination All sediments appear 
white except uric acid and red cells which are red, amorphous urates 
which are flesh colored, and indigo which is blue 

(b) Microscopic Examination — Transfer 10 cc of mixed urine 
to a conical centrifuge tube 1 and centrifugate Use the clear super 
natant urine obtained for the qualitative tests and decant the remainder 
Note the volume of sediment and mix with the last few drops of urine 
by tapping the tube with the finger 

Place a drop on a slide and examine with the low power or preferably 
an 8 mm lens under reduced light A roughly quantitative estima- 
tion of the amount of each kind of sediment present maj be made from 
the number of cells or cr}stals in a field and the amount of sediment 
m the centnfuge tube 

(1) Casts Figure 11 These are the most important of the uri 
nary sediments They are albuminous plugs that have formed m the 
unmferous tubules and, therefore, are of various sizes and shapes but 
always have parallel sides and one rounded end Report the actual 
number of casts if less than 10 are found in the whole drop of ccn 
tnfugated unne Report less than one cast per field as i-f, one to 
10 per field as 2+, 10 to 20 per field as 3+, and a packed field as 4-f 

(2) Pus cells (leukocytes) Figure 11 These are of little clinical 
significance, particularly in female patients, unless found m cathe 
tenzed specimens They have a somewhat granular appearance 
and show as nuclei after acetic acid is added Report pus cells in 

• Always balance such a tube on tbe scales against another tube 
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the centrifugated specimen as occasional if there are less than one 
per 8 mm field, i to 20 per field as t *4-, 20 to so as 2+, over 50 as 3+, 
and a packed field with grossly purulent unne as 4+ 

Thc three glass test is often of value m determining the approximate 
source of pus and blood in the urine of male patients The patient 
should be instructed to cmpt> the bladder, collecting the unne in three 
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Fic it —Organic urinary sediments X 200 (a) Hyalin casts (b) CranuUr casts 

(c) Red cell casts (d) Cylindroids and mucus threads (e) Pus cells tfj » acien “ 
(g) Red cells (h) Epithelium (1) Spermatozoa 


successive containers The flow of unne must not be stopped between 
glasses The relative amounts of shreds, pus, and blood should e 
noted by gross and microscopic examination and the results recor e 
for each glass The following things may produce confusing resu ts 
large amounts of phosphates may produce a cloud when the unne is 
voided (clear with acetic) , blood clots, large amounts of pus, etc , may 
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settle in the bladder, and appear only in the third glass, leaving a clear 
urine for the first and second glass 

(3) Red blood cells Figure n These are of little clinical sig 
mficance in female patients, unless found in cathetenzed specimens 
They appear as very small, round objects having a greenish tinge with 
the low power and a yellowish tinge with the high power They 
disappear on the addition of acetic acid On increasing the light 
intensity, pus cells disappear from view w hile red cells still are visible 
If there is any doubt about the identification of red cells, a smear of 
the sediment should be dned, stained with Wright’s stain and examined 
with the oil immersion lens Chemical blood tests on the sediment 
are not satisfactory for this purpose The result of the three glass 
test has the same significance and limitations as m pyuria 

For cells in the centrifugated drop report less than 10 cells per 
8 mm field as occasional, 10 to 30 cells as i+, over 30 cells per field 
as 2+ if no visible blood is seen m the centrifuge tube, a packed field 
with a visible la\er of red cells in the sediment in the centrifuge tube 
as 3+, and with a grossly blood> unne as 4+ Remember that a 
very small amount of blood will produce a large number of red cells 
in the sediment, and a few drops of blood will color a liter of urine, 
so that the tendency is alwa>s to over estimate the amount of blood 
lost in this manner As small an amount of blood as o 2 cc m a liter 
of urine will show a packed field if 10 cc of the mixed urine is cen 
tnfugated and the sediment is examined 

(4) Epithelial cells Figure n These are identified b> the size, 
shape, and the presence of a round nucleus They are larger than pus 
cells These are of several types, depending upon their source in the 
urinary s>stem (contamination from the vagina must be excluded) 

(5) Other organized elements C>lindroids (Fig 11) ma> be con 
fused w ith h> aline casts by a beginner, but they are stringy not hyaline 
in structure and the sides are not parallel but taper to a slender tail 
which is usually twisted or bifurcated The only importance of recog- 
nizing them is to avoid reporting them as casts 

Spermatozoa (Fig n) are readilj recognized from their character- 
istic structure, using the 4 mm objective and a dim light 

Bacteria and other micro organisms maj be detected wnth the 4 mm 
objective but are best identified by staining a fixed smear of the sedi 
ment wnth the proper stain The> are of importance only if present 
in urine obtained with a catheter with aseptic precautions or if found 
m very large numbers 1m mediate! j after the urine is voided 
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The ova of Schistosoma haematobium are often found in the unne 
of patients in Northern Africa or less commonly in the Southern United 
States Hematuria is usually associated 
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bacteria pus, or blood from the vagina 

I 

t 




CHEMISTRY AND MICROSCOPY OF THE URINE 


353 


(7) Chemical sediments (Figure 12) — Acid urine Those likely to 
be found in acid unne are jellow, brown or red crystals of uric acid, 
yellow or green sodium urates, and colorless calcium oxalate, acid cal 
cium phosphate, calcium sulphate, or cystin The last three sediments 
are rarely seen Amorphous urates appear as dustlike particles under 
the microscope but are salmon pink or flesh colored as seen in the 
specimen bottle or centnfuge tube 

Alkaline urine Those likely to be found in alkaline urine are 
crystals of ammonium magnesium phosphate (triple phosphate), 
acid calcium phosphate, brown or yellow ammonium urate, normal 
magnesium phosphate, calcium carbonate, or of indigo The last 
three sediments are rare The common amorphous phosphates 
appear as a white sediment in the centrifuge tube and structureless 
dustlike particles under the microscope 

The following rare sediments may occur in urine of any reaction 
cholesterol crystals, yellow leucin associated with t> rosin, and fat 
globules which may be identified by their orange staining wnth Sudan 
III Contamination with petrolatum or other oils must be excluded 
before concluding that fat droplets were present in the unne as voided 
In lipoid nephrosis doubly refracting lipoid droplets may be found in 
the urine (identified by the polanzmg microscope) 

The abihtj to identif> urine sediments correctly is very important 
It can be acquired only by much controlled practice on known sedi 
ments Looking at plates will refresh one’s memory on sediments 
previously seen, but this is not a satisfactory way of learning the micros 
cop) of urine If difficulty is encountered in identifying crjstalline 
sediments the) should be tested chemically, as directed for unnarv 
calculi 

(c) Quantitative Sediment Count (Addis 1 ) — After the usual break- 
fast m the morning the patient must take no fluids or juicy fruits 
until the collection is complete The patient should not void after 
4PM until 6 or 8 P M The patient should then void, discarding this 
specimen and noting the time All urine voided after this until 
exactly 12 hours have elapsed should be collected in a specimen bottle 
which has been rinsed out with a little formalin In nomen the unne 
should be obtained by catheter 

Technic — Measure the volume of the 12 hour specimen accurately 
Warm to dissolve urates or add acetic acid in just sufficient quantity 
to dissolve amorphous phosphates if such sediments are present Mix 

UuljMS) 1 *! 25 A Clinical Class,ficat,0n oi B nght s Disease J A M A 85 163-167 
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thoroughly Transfer exactly 10 cc to the Addis graduated centnfuge 
tube with narrow tip, obtainable from Arthur H Thomas and Company 
Centrifugate for 5 minutes at 1800 revolutions per minute Decant 
most of the supernatant fluid and remove the rest with a pipette or 
medicine dropper, leaving a volume slightly greater than the volume 
of sediment and not less than o 5 cc Note this volume, mix the sedi 
ment thoroughly, and using a fine pipette make a mount on each of the 
two sides of a hcmocytometer After allowing time for settling, count 
all the casts, leukocytes and red cells seen in the entire ruled area If 
only t few arc seen, make several mounts, and if many are present make 
a dilution such that countable numbers are obtained Determine 
the average number over the ruled area which is equal to o 9 c mm 
Divide this by 9 and multiply by 10 000 to get the number in 1 cc 
of the mixed sediment Multiply this by the volume in which the 
sediment was suspended to get the number in 10 cc of urine since all 
of the sediment from 10 cc of urine is concentrated in this volume 
Multiply this figure by o 1 of the measured 1 2 hour \ olume to get the 
number of casts or cells excreted in a 12 hour penod 

Hines 1 has devised a nomograph which simplifies the calculation 
which is obtainable from J W Stacey , Inc , San Francisco Report 
the number of casts, red cells and leukocytes excreted in the 12 hour 
penod Normal values are given on page 25 

13 Chemical Identification of Urinary Calculi and Crystalline Sediments 
These vary m sue and shape as well as in composition Thev are of two types, the 
simple, made up of but a single constituent, and the compound, made up of two or 
more constituents The compound calculi are by far the most common Most 
calculi consist of an arrangement of the material in concentric rings about a central 
nucleus The nucleus may be unc acid crystals, calcium oxalate phosphate, 
clotted blood dumps of bacteria, foreign bodies, etc In the chemical examination 
the most valuable data are obtained by analyzing each of the concentnc layers 
separately The calculi must be crushed and powdered and divided into several 
small portions before beginning the chemical examination 

Examination or Calculi 
(Heat some of the powder on platinum foil) 

Does not burn (mostly inorganic) Burns (mostly organic) 

A Treat with HC1 COi gas CflCOi A Without giving a flame 

B Gently heat cool and add HCl CO* gas i Gives mu rend test (powder + a few 
CALCIUM OXALATE drops HNO* and evaporate red r«i 

C Treat with KOH and heat NH, evolved due) If positive, add KOH to 

TRIPLE PHOSPHATES powder 

1 Hines D C A Nomograph for Simplifying Computation of the Urine Sediment 
Count (Addis) Am J M Sc. 187 841-844 (June) 1934 
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D Treat with HNO* dissolves add ammo- (a) Nil, evolved AMMONIUM 

mum molybdate and heat yellow pre URATE 

cipitate PHOSPHATES 0 >) No NH, evolved URIC ACID 

i No murexid test, dissolves in HNO, 
without CO, gas evaporation on 
water bath j ellow residue add alkali 
orange then heat red XANTHIN 
B With a pale blue flame and sharp odor 
dissolves in ammonia characteristic 
crystals on spontaneous evaporation 
CYSTIN 


If there is doubt about the identification of cry stals from their morphology they 
may be tested with 50 per cent acetic acid C Y hydrochloric acid and ammonium 
hydroxide Add a drop of the reagent to a drop of sediment on a slide and observe 
the effect under a microscope Acetic acid dissolves calcium and magnesium 
phosphates triple phosphates and calcium carbonate (carbon dioxide is given off) 
Hydrochloric acid dissolves all crystals except unc acid and calcium sulphate 
Ammonium hydroxide dissolves cystin and t> rosin These same tests may be 
appbed to fragments of calculi Cystin does not give the murexide test, which 
differentiates it from unc add The insolubility of calcium sulphate in hydro 
chlonc acid differentiates it from calcium phosphate The insolubility of calcium 
oxalate in acetic acid differentiates it from calcium carbonate 

14 Tyrosm Test — A test for the presence of tyrosm in the unne has been 
suggested as a test of liver function The technic is as follows If protein is present 
it must first he removed by heat coagulation and filtration To 2 cc of the protein 
free unne add an equal volume of Millon s reagent The solution turns red if 
tyrosm or any other substance containing the phenol nng is present in considerable 
amounts 

Millon s reagent Under a hood or in a flask attached through a two hole rubber 
stopper to a suction pump digest 25 grams of mercury with 36 cc of C P mtnc acid 
When all of the mercury is dissolved, dilute the solution to 100 cc with water 

A quantitative test has been devised 1 but is much more difficult than this 
qualitative procedure 

15 Cystinuna* — Cystinuna may occur without separation of crystals If 
Brand s test is positive confirm the presence of cystin by Sullivan s test which is 
more specific 

Brand s test Mix 5 cc of protein free unne and 2 cc of freshly prepared 5 per 
cent sodium cyanide (poison!) After 10 minutes add o 3 cc of 5 per cent sodium 
mtroprusside solution A permanganate color similar to that in the acetone test 
is positive A hrown color is negative and excludes cystinuna 

Sullivan s test Proceed as m Brand s test but instead of mtroprusside, add 
1 cc of freshly prepared o 5 per cent 1 2 naphthoquinone 4 sodium sulphonate mix 
and at once add 5 cc of :o per cent anhydrous sodium sulphite in N/2 sodium 
hydroxide After 30 minutes add 1 cc of 2 per cent sodium hydrosulphite in N/2 
sodium hydroxide A red color is specific for cystin or eystein 


1 Lichtman S S and Sobotka II An Enzymatic Method for the Detection and Esti 
mation of Tyrosine in Unne J Biol Cbem 85 261 (Dec ) 1929 

’Lewis II B pie Occurrence of Cystinuna m Healthy Young Men and Women 

Ann Int Med 6 183-192 (Aug ) 1932 
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16 Melanuna ‘—A positive test is diagnostic of melanocarcmoma, but a 
negative te3t does not exclude this diagnosis Evaporate the 24 hour unne sample 
to one fourth volume Add 1 gm of potassium persulphate for each 100 cc After 
2 hours add an equal volume of absolute methyl alcohol \fter the precipitate has 
settled, decant the supernatant liquid and collect the precipitate on a filter paper 
Wash successively with water methyl alcohol, and ether If melanin is present, a 
brownish black precipitate remains on the paper which is soluble in 5 per cent 
sodium hydroxide and rcprecipitates on acidification 

17 Porphyrin (Garrod) — Add 20 cc of 10 per cent sodium hydroxide to 100 cc 
of unne which preapitates the phosphates and carries the porphyrin down with it 
Filter and dissolve the precipitate by pouring through the filter 20 cc of a warm 
10 per cent solution of hydrochloric acid in alcohol The characteristic absorption 
spectrum of acid porphyrin with 3 bands one at 597 millimicrons in the yellow, 
one at 553 millimicrons in the green and one at 410 millimicrons in the purple 
is diagnostic It should give a deep red fluorescence with ultra violet light, also 

18 Stains and Cultures for Bacteria — -These should be made on all aseptically 
collected specimens which contain pus 


19 Bile Tests — Either bile pigments or bile salts or both may be 
excreted into the urine so it is necessary’ to test for both 

(a) Bile Pigments (bilirubin rarely biliverdin) — Both the foam and 
Gmelin Rosenbach tests should be applied if the color of the urine 
suggests the presence of bile or it there are clinical indications 

(1) Toam test Considerable quantities of bile pigments give a 
yellow color to the foam vvhen the unne is shaken vigorously A nega 
tive test does not exclude the presence of small quantities of bilirubin 

(2) Gmelin Rosenbach adsorption test Acidify the unne slightly 
with hydrochloric acid and filter as much as possible through a small 
filter paper Hang up the paper and, when air dried, test it with drops 
of yellow nitric acid Around each drop appear rings of color, red, vio 
let, blue, and green if bile pigment is present in appreciable quantities 


(3) Huppert Cole test This test should be done if the Gmelm Rosenbach test 
gives a doubtful result or if it gives a negative result and it is desired to detect a trace 
of bilirubm if it is present The test is performed as follows Mix 7 cc of unne an 
1 drop of saturated magnesium sulphate in a centrifuge tube and add drops of 5 per 
cent banum chlonde as long as it causes a precipitate Mix well and centrifugate 
Decant the Uquid Add to the sediment 1 3 cc of alcohol 1 drop of C P sulphuric 
acid 1 drop of s per cent potassium chlorate solution and stir with a rod Hat t e 
tube in a boiling bath 1 minute The alcohol acquires a green or blue color if bde 
pigments are present The colored substance is soluble in chloroform decant t e 
liquid into a test tube, add i cc of chloroform and 5 cc of water and shake 


* Btackherg S N and Wanger Justine 0 Melanuna J A U A 100 U 4 -JJ* 

* Or test with diazo reagent and alcohol as directed under the van den Bergh test on 

blood serum Hunter Geo A Diazo Method for Detecting Bilirubin in Unne laino 

Med Assn J 23 823-824, 1930 
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(b) Btle Salts —These tests are extremely satisfactory for detecting the addition 
of bile to urine but in clinical jaundice they are usually negative even when much 
bile pigment 1 is present They are not specific for bile salts 

(1) Surface tension test Sprinkle a little finely powdered sulphur called 
flowers of sulphur, on the urine The presence of bile salts in a concentration of 
o oi per cent or more or of anything else lowering the surface tension to a similar 
degree will cause the sulphur to sink rapidlv Settling after agitation is mcon 
elusive The du Nouy tensiometer will give information on the surface tension 
which is of research accuracy 

(2) Pettenkofer s test This is the most satisfactory test for bile salts in urine 
but is not absolutely specific Mix 1 or 2 drops of unne in an evaporating dish with 
a few grains of cane sugar and 2 drops of concentrated sulphuric acid and warm 
gradually A pinkish to permanganate color appears in the mixture if bile salts are 
present but is difficult to differentiate from the colors that may result from inter 
action of the acid with other substances sometimes present in the unne A control 
without the sugar should show distinctly les color if th»* test is positive The test 
is sometimes faint or negative even when the unne contains much bile pigment 
The character of the color should be learned bv testing urine to which bile has been 
added 

20 Urobilinogen — Add o 2 cc of reagent to 2 cc of a well mixed 
1 to 10 dilution of Jreshly voided unne If after standing 10 minutes 
at room temperature a red tint is visible on looking down throjgh the 
liquid at a white surface, the test is positive and then should be repeated 
on 1 to 20, 1 to 30, 1 to 40 etc dilutions until the highest dilution is 
found in which the test is still positive This is the one to be reported 
Never warm the mixture Formaldehyde, as after urotropin, is said 
to interfere with the test and so do nitrites which may be formed in 
infected urine 

Urobilinogen reagent Dissolve 1 gram of dimethylaminobenz 
aldeh>de in a mixture of 40 cc of C P h>drochloric acid and 60 cc 
of water The reagent does not keep indefinitely 

21 Blood Tests — The finding of red blood cells in the microscopic examination 
of the sediment is the most conclusive test for blood as such If there is any doubt 
about the identification of red blood cells in the sediment, a Wright s stain (p 477) 
should be done on a smear of this sediment If the unne is distinctly reddish or 
brownish with no red blood cells present a chemical test for hemoglobin should be 
made, and if positive the form of hemoglobin present should be identified whether 
clinical indications for these tests have been recognized to exist or not 

1 A possible explanation for this is the following Bile salts are formed at a relatively 
slow rate and are normally conserved by absorption 5 rum the intestinal tract and re excre 
tion in the bile Hence the rate of excretion in the bile gives an entirely false impression 
of the rate of formation ff obstruction occurs thi circulation of the bile salts is inter 
rupted and they may accumulate in the bile proximal to the obstruction and finally in the 
blood Only v, hen the slow rate of new formation has raised the threshold in the blood 
above the renal threshold for bile salts (as yet undetermined) do they appear in the urine 
Hence a strongly positive test for bile salts in the unne would suggest that bile itself 
had been added to the unne 
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(a) Chemical Tats for Blood — This is actually a test for hemoglobin (i) The 
orthotohdm test This test is most satisfactory To 5 cc of unne m a clean 
centrifuge tube add 1 cc of 50 per cent acetic acid, mix and b oil Cool and extract 
with 3 cc of ether, centrifugating for a few seconds if necessary to secure separation 
of the two layers Withdraw the aqueous layer by inserting a pipette to the bottom 
of the tube and aspirating until a little ether enters the pipette and then discard its 
contents Decant the ether into a clean test tube and if enough blood was not 
present to give a visible brownish tinge of acid hematin to the ether concentrate to 
1 cc under the hot water tap or in a hot water bath keeping the tube at least 6 feet 
away from the nearest flame Cool and add o 5 cc of 1 per cent orthotohdm in 
glacial acetic acid and 1 cc of hydrogen peroxide The orthotohdm solution keeps 
at least a month A green or bluish green color is positiv e for blood If the boiling 
is omitted, the test is only slightly less specific for blood A control test on distilled 
water which should be negative and another on unne to which blood has been 
added which should be positive are desirable from time to time as a check on the 
reliability of the reagents and cleaning process used for the glassware 

(3) Benzidm or guaiac tests These are more frequently done, but as the 
solutions have to be freshly prepared each day, they are much less convenient The 
technic is the same as given above with the exception that a 2 2 per cent solution of 
benzidin in glacial acetic acid or a freshl> prepared (without heating) alcoholic 
extract of powdered guaiac is substituted for the orthotohdm and a blue color 
develops if the test is positive The benzidin tablets on the market are convenient 
but less reliable and more expensive 

The ether extraction is often omitted, but a considerable number of substances 
other than blood will give positive tests if this precaution is not observed, and small 
amounts of blood are easily missed 

A positive chemical test for blood will be given not only by oxyhemoglobin and 
reduced hemoglobin, but also by metheraoglobin, carbon monoxide hemoglobin or 
acid hematin which maj occasionally be found in urine Hematoporphynn does 
not give a positive chemical test for blood 

(b) Identification of Hemoglobin and Hemoglobin Derivatives — If red cells are 
not found and a positive chemical blood test is secured, or if the unne is unexplam 
ably red, brown or very dark colored, these substances ought to b looked for 
whether clinical indications have been detected or not Carbon monoxide hemo 
globin, methemoglobin and hematoporphynn are rarely present in urine and then 
usually in small amounts, so that their identification is sometimes difficult The 
color of the urine or the patient’s history (drugs) may be the only indication for 
testing for them They may be most accurately identified with the aid of a goo 
spectroscope by their charactenstic absorption bands 

22 Indican — To 3 cc of unne add 3 cc of Obennayer’s reagent and about i cc 
of chloroform Shake occasionally After a tune the chloroform becomes blue 
(indigo) if mdican is present The presence of urotropin interferes with the test 

Obermayer s reagent Dissolve 1 gram of feme chlonde m 500 cc 0 
hydrochloric acid 

23 Diazo Test — It has been known for a long time that some urines give an 
orange or red color in an alkaline solution of diazotized sulphamkc acid r ,c 
was the first to apply the reaction to unne but his procedure has been mo e 
many times The ongmal technic was as follows Place equal parts, 1 or 3 cc , 0 e 
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diazo reagent 1 and freshly voided unne in a narrow test tube and mix, quickly add 
i cc of strong ammonium hydroxide and shake Two types of reaction may occur 
Type A, given by all urines, is the appearance of a faint yellow color which gradu 
ally intensifies for 3 or 4 minutes to a pale orange. Type B, given only by patho 
logic urines is the immediate appearance of a brilliant red or bright orange red 
color (the foam is red also) which disappears in a few seconds For a more detailed 
study of the reaction and interpretation of the results see the references * 

24 Arsenic Test — The Reinsch test is the best know n and the simplest test but 
is less sensitive than some other tests The technic is as follow s Add to some urine 
in a test tube about one fifth its volume of concentrated hydrochloric acid and a 
few crystals of C P arsenic free ferrous sulphate Introduce a piece of arsenic free 
bnght copper foil about 3 mm square and boil for several minutes or heat almost 
to boiling and let stand for E hours If arsenic be present, a dark bluish gray film 
is deposited on the copper Dry the copper in alcohol and ether and insert the 
rolled copper foil in a 20 cm length of glass tubing Heat the end of the tubing 
containing the foil over a dame Arsenic, antimony and mercury sublime and 
condense on the walls of the tube Bismuth does not sublime Examine the walls 
of the tube under the low power of a microscope Arsenic appears as octahedral 
crystals 

25 Mercury Test — The Reinsch test may be used in the same manner as for 
arsenic except that the urine is heated only to 6o° and then set aside for at least 
12 hours If mercury he present it is deposited on the foil as a bright lustrous 
mirror and after heating appears on the walls of the tube as fine droplets Instead 
of heating a stnp of filter paper moistened with cuprous iodide may be placed 
in a small test tube with the copper foil and after corking allowed to stand for an 
hour A pink color develops on the filter paper if mercury is present 

26 Chlorides — This test is of value only in those conditions in which the 
urine chloride concentration is decreased 

Technic Acidify a few cc of urine with C P nitric acid and add a little 1 per 
cent silver nitrate solution Normal amounts of chlonde produce a dense white 
precipitate in pneumonia only an opalescence may appear 


B Quantitative Methods Including Certain Functional Tests 
AU quantitative determinations, to be of any value, must be done on 
accurately collected, labelled and properly preserved 24 hour specimens 
or fractions thereof 

x Protein — Ordinarily the information obtainable from properly 
conducted qualitative tests will suffice for routine clinical work but 
occasionally a more accurate estimation of the amount of albumin 
present is desired Although the error may be as great as plus or 


1 Diazo reagent Solution A Dissolve logm of sulphamlic acid in a mixture of to o 
cc of CP hydrochloric acid and 190 cc of distilled water (keeps well) Solution B 
Dissolve o s gm of sodium nitrite in 100 cc of distilled water (Make fresh every ? or d 
weeks ) * * ’ 

Make fresh reagent each day by mixing 30 parts of Solution A with 1 part of Solution 


* Hunter George The Diazo Reaction m Unne Bioch J 19 No x I0 „ 
Harrison G A and Brumfield R J The Causes of Andrew es’ Dia2o Test for Renal 
Inefficiency Bioch J 23 No 1 43-45 *9*8 
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minus so per cent, the technic of the Esbach determination is retained 
in this edition because it is so widely used, but it is recommended that 
the method given on page 519 for quantitative estimation of protein in 
cerebrospinal fluid be applied to a suitable dilution of urine since it is 
far more accurate and just as simple as the numerous quantitative 
methods that have been suggested for protein in unne 

(a) Original Esbach Estimation — The urine should be free of sedi 
ment and acid in reaction Fill the Esbach tube with unne to the U 
mark, add the Esbach reagent to the R mark, insert a rubber stopper 
and mix gently Support the tube in a vertical position Observe 
it after one hour and, if precipitate is floating, tap the tube to dislodge 
air bubbles or gently mix it again Let it stand for 24 hours and then 
read on the scale the height of the sediment The reading is m grams 
of protein per liter and not in per cent If a larger amount of protein 
is present the unne must be diluted with water and then the reading is 
multiplied by the dilution factor 

(b) Modification of the Esbach Test — The Esbach estimation 
ma> be made much more quickly in the following manner Add 03 
gm of fullers’ earth to the unne reagent mixture in the special tube, 
insert a rubber stopper and mix thoroughly by shaking Support the 
tube m a vertical position and read the scale at the end of one hour 
For readings below 3 5 there are correction factors, thus between 3 
and 3 s deduct o 3, between 2 and 3 deduct o 5, between 1 5 and 2 
deduct o 8, below 1 5 deduct 1 o 

Esbach reagent Dissolve 5 grams of picnc acid and 10 grams of citric acid in 
500 cc of water 


2 Ratio of Night to Day Volume of Urine — Technic The 
patient voids at 8 A hi and discards the unne, all the urine excreted 
between 8AhI and 8PM is measured for the day sample and from 
8PM to 8 A M for the night sample The ratio between the two 
volumes is then determined The only precautions necessary are that 
the total volume of unne should be over 500 cc , that all the fluid be 


taken in the daytime, and that an excess of protein be avoided 

3 Modified Mosenthal Test — Mosenthal, 1 following the work 
of Hedinger and Schlayer, 2 developed the test and established standards 
for companson He recommended a diet \v2th definite contents 0 
chloride and nitrogen but later concluded that an ordinary full >et 

1 Mosenthal H 0 Renal function as Measured by the Elimination 
and Nitrogen and the Specific Gravity of the Unne Arch Int Med 16 733 774 v 


* Hedinger M and Schlayer Ueber die Prtifung der NierentStigheit durch Probemah^ 
zeit Deutsch Arch f klin Med 144 120-166 19x4 
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gave equally satisfactory results The chlondc and total nitrogen 
determinations on each sample require an excessive amount of time 
and do not add much of diagnostic value to the information obtained 
from the specific gravity variations and the ratio of the day to night 
volume 

(a) Principle — Health> kidne>s excrete unne which vanes widely in \olume, 
specific gravity, and concentration of salt and nitrogen at different penods within 
the twenty four hours Kidnejs with decreased functional capacity lose the power 
to var> these factors and therefore they tend to become fixed near the midpoint 
and the night volume increases compared with the day volume The chlorides 
and total nitrogen may also be determined on each specimen if desired 

(b) Technic — The patient remains on the usual diet and fluid intake 
and daily routine, but takes no liquid at night, that is, after 6PM on 
the day of the test He should avoid excessive protein or salt intake 
At 8 A M the patient is to empty his bladder and discard the unne 
Seven fractions are then collected as follows (voiding punctually at the 
hour specified and saving all of the unne) 8 to 10 A M , 10 A M to 12, 
12 to 2 P M , 2 to 4 P M , 4 to 6 P M , 6 to 8 P M , and 8PM to 8 A M 
Instruct the patient to label each sample or supply him with labelled 
bottles The volume and specific gravity of each sample is determined 
as well as the ratio of night to total day volume The chloride (page 
371) and nitrogen (page 367) levels of each sample may be determined 
but this is now seldom done 

4 Dilution and Concentration Test — Volhard has suggested 
two simple tests which are among the most valuable and sensitive tests 
available for detecting slight grades of impairment of renal function of 
the chronic types These tests should not be done if the patient is 
edematous or if the blood urea nitrogen is above 50 mg 

(a) Principle — The first change that occurs in chronic impairment of renal 
function is the inability to concentrate and later the inability to dilute the unne 

(b) Technic — At SAM the patient is given 1500 cc of water on an 
empty stomach The bladder is immediately emptied and the unne 
discarded, then unne is collected at one half hour intervals for four 
hours The volume and specific gravity of each sample is determined 

Normal results the total output should be between 1200 and 1800 
cc and the specific gravity should reach 1 003 in at least one sample 

At 8 A M on the next day, the patient is placed on a diet of solid 
foods with no fluid intake for 24 hours The bladder is emptied at the 
start of the test and the unne discarded, then the unne is collected every 
3 hours until 8PM and the night unne as one sample from 8PM to 
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8 A M The volume and speqfic gravity are determined on each sam 
pie The specific gravity should reach 1 030 in at least one sample 
The concentrated urine can to advantage be examined microscopically 
for cists and red blood cells as recommended by Addis 1 

5 Phenolsulphonphthalem Test (Rountree and Geraghty ) 


(a) Principle — One cc of solution containing 6 mg is injected intramuscularly 
or intravenously and the per cent of the d> e excreted by the kidneys in the next two 
hours is determined by comparison with a standard This dye is eliminated 
ripidly and chiefly by the kidneys 


(b) Tcchntc — Have the patient dnnh 300 to 400 cc of water 20 
minutes before starting the test to promote excretion It is stated that 
not less than 2 hours should elapse after a meal before injecting the 
phenolsulphonphthalem The test should not be done within 5 hours 
after the administration of a saline cathartic 

Draw up 1 cc of solution which contains 6 mg of phenolsulphon 
phthalein into a small sterile synnge and inject into a vein or into 
the muscles of the bach, note the time The patient must empty his 
bladder immediately Save this urine The intravenous method® 
is recommended If the intravenous technic is used, collect the first 
specimen at the end of 30 minutes and the second specimen at the end of 
1 hour If the intramuscular technic is used collect the first specimen 
70 minutes after injection, and 60 minutes later secure a second 
specimen Be sure the bladder is emptied each time, use the catheter 
if in doubt 

Standard solution With the synnge measure o 5 cc of phenol 
sulphonphthalein solution into a 500 cc graduate, add 5 cc of 10 per 
cent sodium hydroxide and dilute to 500 cc This solution corresponds 
to 100 per cent phenolsulphonphthalem excretion 

To each of the urines add 5 cc of 10 per cent sodium hydroxide and 
transfer to 500 cc graduates The estimation may be made with the 
plunger type colorimeter (method i), or with the biocolonmeter 
(method 2) 


« Addis T The Number of Tormed Elements in the Urinary Sediment of Normal 
Individuals J Clm Invest 2 409-421 (June) rgs6 See also page 3 S 3 ? _ , . 

J Rowntree L G and Geraghty J T An Experimental and Chmcal Study ottne 
Functional Activity of the Kidneys by Means of Phenolsulphonphthalem J rnarm 

Exp Ther 1 570-666 (June) 1910 . , , 

1 If the intravenous technic is used the ureters may be cathetenzed by an exper 
gist and the unne collected separately in flasks or test tubes containing 1 cc 01 1 P 
sodium hydroxide Note the time interval between the injection and the nrst app 
of the dye (pink color) and determine the proportion of the dye excre " by e 
jna T5 minute 50 minute or r hour period using the same technic as for the la 
test The intravenous technic may also be used in cases m which the ure 1B1w .tion 
cathetenzed in which case the unne is collected at 30 minutes and 1 hour after J 
and the total for each 30 minute penod and for the whole hour is reported 
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Method i Dilute each unne gradually, comparing the color 
with that of the standard so that the red of the urine mixture shall not 
be much paler than that of the standard The second unne may not 
allow dilution beyond 100 cc If the urines contain much pigment 
it is desirable to use a 50 per cent standard made b> mixing equal vol 
umes of the regular standard and normal unne from the first voiding 
Filter the diluted unnes if they become turbid after adding the alkali 
Set the standard at 10 mm (or the 50 per cent standard at 20 mm ) 
make several readings with each unne 

Calculation Per cent excreted = mm ^ X 100 

This is on the basis of dilution of the unne to i liter, correct for other 
dilutions as follows if the volume was 500 cc divide the result b> 2, 
if 250 cc bj 4, if 200 cc by 5, if 100 cc by 10 

Method 2 Dilute each unne to about 200 cc and add 5 cc of 10 
per cent sodium hydroxide, then dilute to 1 liter, or, if the color is 
very weak, dilute to 250 or 500 cc dividing the observed results by 
4 or 2 After mixing filter a few cc of gach unne mixture To make 
the estimation, fill the vial furnished with the standards secured from 
Hjnson, Westcott, Dunning Co , place it in the middle hole of the 
comparator, and in the other holes put the standards that most nearlj 
match the unknown The per cent is read directl} from the ampoule 
containing the standard 

A biocolonmeter may be made (Tig 9), a set of standards prepared 
by dilution of the 100 per cent standard, and these standards sealed in 
test tubes of uniform diameter The standards retain their color 
value for about a ^ear if the} are kept in the dark when not in use 
Between 5 and 50 per cent the standards should correspond to 5 per cent 
intervals and above this to 10 per cent intervals This method is 
most practical for clinical purposes 

Ivotc If blood is present in the unne samples, remove it bj the 
following procedure Directl} after adding 5 cc of 10 per cent sodium 
h> droxide to the unne, add 10 cc of half saturated magnesium chlonde 
solution, heat almost to boiling while stimng Cool, dilute to the 
desired volume and filter Estimate b> method 1 or 2 The phenol 
sulphonphthalcin docs not adsorb to the precipitate 

6 Nitrogen of Ammonium Salts —(a) Principle —The ammonia of ammonium 
salts is converted into ammonium carbonate b> the mass action of the carbonate 
reagent The oxalate in the reagent precipitates calcium and magnesium and 
prevent* the binding of ammonia. b> precipitation of tnple phosphates Ammonia 
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js then liberated by a rapid air stream, aided by a warm bath, and is earned over 
mto a measured amount of standard acid, forming ammonium sulphate The acid 
not combined with the ammonia is then titrated with standard alkali 

(b) Technic — Measure the volume of the properly preserved 
urine sample accurately Measure mto the urine tube exactly 5 cc 
of urine, add 2 drops of capryltc alcohol and about 6 cc of the potas 
suim carbonate onhtc reagent Attach the tube to the apparatus 



(Fig 13) at once Into the last tube measure exactly 25 cc of N / 70 
acid, add 2 drops of capryhc alcohol and 1 drop of 1 per cenl sodtttnt 
alizarin sulphonate Attach the tube and connect with the suction 
pump Bubble air at a moderate rate for 5 minutes, then use a swift 
air stream for 30 minutes, immersing the urine tube in a bath of warm 
water at about so°C at the start If one is busy, the aeration may 
continue for a longer time 

Loosen the stopper of the acid tube and raise the bubbling tu e 
above the liquid When the bubbling tube has drained, empty the test 
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tube into a wide mouth 500 cc Erlenmeyer flash Rinse the bubbling 
tube, inside and outside with a little distilled water, into the test-tube 
Pour the w ater into the flash and rinse the test-tube again with a few cc 
of water Measure into the acid tube exactlj 5 cc of N/70 acid and 
run the air stream for at least ten minutes more While this is running, 
titrate the acid in the beaker with iV/70 sodium hydroxide to the end 
point described under the total nitrogen estimation Finally transfer 
(with rinsing) the 5 cc of acid to a flash and titrate it 

Calculation Deduct the total N/ 70 alhali used for both titrations 
from the total N/70 acid (3° cc ) Multiply the cc of acid neutralized 
(b> the ammonia) b> the total volume of the unne (100 if percentage 
is desired) and divide by 5 (cc of urine used) , and finally multiply by 
o 0002 1 The result is the grams of nitrogen of ammonium salts in the 
total urine 

Note Control estimation The reagent must be tested for ammonia 
by running a control For this purpose, repeat the procedure described 
above with the exception of using 5 cc of distilled water instead of 
unne Deduct the cc of N/70 sodium hydroxide used for titration 
from 25, this is the control Test each new batch of reagent that is 
prepared If the control is more than o r cc , deduct it from the acid 
neutralized in each ammonia estimation before mahing the calculation 


(c) Apparatus -^ An aeration apparatus has been devised b> means of which 
air can be bubbled through a series of tubes (see Fig 13) For large laboratories 
a more convenient set up can be made by fastening the spring clip type of tool 
holders obtainable at 5 and 10 cent stores 4 inches apart into the edge of a shelf 
about a foot above the desk. The tubes are clasped by the clips but can be removed 
easily for cleaning As many outfits as desired may be set up in senes The 
sulphunc acid m tube No 1 punfies the incoming air, as long as the methyl orange 
is led the acid need not be changed The safety tube (No 3) is to catch the liquid 
and sa\e the estimation if the unne mixture foams over Tube No 4 is connected 
to a suction pump by rubber tubing or tube No 1 may be connected to a compressed 
air \ent if the air pressure is regulated carefully 

(d) Reagent — Potassium carbonate oxalate reagent Dissolve 100 grams of 
pure (U S P is satisfactory) potassium carbonate in 90 cc of distilled w ater and 
boil for 5 minutes Cool, add 10 cc of saturated neutral potassium oxalate solution 
(30 per cent) and dilute to 140 cc Generally this reagent is free of ammonia 

7 Nitrogen of Urea —The Van Slyke and Cullen 2 modification 
of lohn’s ammonia method combined with Marshall’s urease method 
is recommended 


* °?w ter a normaI solution of ammonia contains 14 grams of nitrogen therefore 
1 cc of N/70 ammonia contains o ooo* grams of nitrogen 
.L V r?? ryfce D Culkn G E A Permanent Preparation of Urease and Its Use 
in the Determination of Urea J Biol Chem 19 *11-2*8 1914 
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(a) Principle —Urease, an enzyme obtained from Jack beans completely and 
quickly hydrolyzes urea to ammonium carbonate This is neutralized by the buffer 
phosphate present From this point on the principle is the same as for the nitrogen 
of ammonium salts 


(b) Technic — Use the same aeration apparatus as for the estimation 
of nitrogen of ammonium salts The urine tube and its bubbling tube 
must be free of alkali 1 before the urine mixture is added and should 
show a neutral reaction to sodium alizarin sulphonate Into this clean 
tube measure 2 cc of an exact 1 to 10 dilution of the unne (equals 
02 cc ), add 1 cc of 10 per cent urease solution, * 4 drops of capryltc 
alcohol, and 3 cc of o 6 per cent acid potassium phosphate solution if the 
unne is acid, or 5 cc if it is neutral or alkaline Attach the tube to the 
apparatus and immerse it in a bath of water which is at 55° C at 
the start (a higher temperature may injure the enzyme) Let it stand 
at least 15 minutes, allow longer time if possible For urines containing 
dextrose 30 minutes must be allowed 

Measure exactly 25 cc of iV/70 sulphuric acid into the last tube of 
the apparatus, add 4 drops of capryhc alcohol and one drop of 1 per 
cent sodium alizarin sulphonate When the time for enzyme action has 
elapsed, connect the apparatus with the suction pump and run the air 
stream for one minute Now disconnect the unne tube, but do not 
remove it from the apparatus, and add about 6 cc of potassium carbon 
ate oxalate reagent Continue the method from here exactly as in the 
ammonia estimation 

A control estimation of ammonia in the urease and reagents must 
be made following out the technic without using unne Deduct this 
control m each estimation of urea Each new batch of urease that is 


purchased must be tested 

Calculation Subtract the total cc of N/70 sodium hydroxide used 
for titration from the total N/70 sulphuric acid taken, then deduct the 


1 After each estimation rinse the unne tube and its bubbling tube with tap water then 
with a small amount of dilute acid and finally with distilled water then add io cc or 
tilled water and one drop of sodium alizarin sulphonate (should have an amber color; 
immerse the bubbling tube and insert the rubber stopper If after rinsing with tw» so 
tion the color changes to a yellow or purple continue the rinsing and testing until n c 
change occurs . . 

1 Prepare the urease solution each day that it is used If a single estimation is t 
’ • • ' ’ • rmth 1 cc ol water add the phosphate 


made take o r gram of urease and mix m a mortar ««u * «■* f . 

and then pour it into the urine tube Tablets of o i gram are obtainable crush the 

Large laboratories will find it more convenient to use instead o i cc per °i 

the following solution to r 5 gm permutit in a flask add 50 cc of t per c “ t ac , . 
and shake 15 minutes Decant the supernatant liquid and wash the permutit y 
tion 3 times with so cc of distilled water Add 30 gm of Jack bean meal or & . 

Arlco Urease and 50 cc of distilled water and o 5 cc of N/10 sulphuric aci . 

gently for r hour Finally add 15° cc of CP glycerol mix well and ^ ter through a 
creased filter paper This solution keeps perfectly for 18 months use ox cc P 
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control This volume of acid neutralized by ammonia that has come 
from the urine must now be multiplied by the factor o 001 (1 e , 5 X 
o 0002 gm ) and by the total volume of urine (100 to get per cent) 
This figure includes nitrogen of ammonia as well as nitrogen of urea 
therefore, deduct the amount of nitrogen of ammonia in the correspond 
ing volume of urine to get the nitrogen of urea Grams of nitrogen 
may be converted into grams of urea by multiplying by 2 143 In 
urea nitrogen estimations for determination of the urea clearance it 
is not necessary to deduct the ammonia nitrogen since the ammonia 
nitrogen in the unne is all formed from urea in the kidney 

If only a urea estimation is desired, ammonia may be removed by permutit, 
dispensing with the necessity for an ammonia estimation Dilute 1 cc of unne 
to 50 cc with water in a volumetric flask Add one drop of 10 per cent acetic 
acid if the unne is alkaline before diluting to the mark Mix and pour on to 
2 grams of dry permutit in an Erlenmeyer flask Agitate for 5 minutes and filter 
Use 10 cc of the filtrate for the urea estimation The calculation is the same as 
given above, except that no deduction for unne ammonia is necessary 

The permutit may be reactivated and used over and over again Collect it 
m a bottle and when a large amount has accumulated free it from ammonia bv 
washing with 10 per cent sodium h>droxide for 15 minutes decanting the super 
natant fluid after settling \\ ash with 2 per cent acetic acid and then with water 
Dry in the air (not with heat) Test by running an ammonia estimation on 25 cc 
of a filtrate prepared as above There should be no ammonia indicated if the 
reagent is satisfactory 

8 Micro Kjeldahl Method for Total Nitrogen — Perchloric acid 
digestion methods are not recommended since there is danger of serious 
explosion 

(a) Titration Method 1 

(1) Principle — The \anous nitrogenous bodies of the unne are converted into 
ammonium sulphate when boiled with sulphuric acid and a catalyst The sodium 
sulphate added raises the boiling point of the solution The ammonium sulphate 
formed is converted by sodium h\ droxide into sodium sulphate and ammonia The 
ammonia is volatilized by heat in the presence of an excess of alkali and is collected 
in a standard acid solution The standard acid not combined with the ammonia 
is titrated with a standard alkali 


(2) Technic — Set up the apparatus as shown in Fig 14, then dis 
connect the rubber stopper with the trap and bent tube from the 
Pyrex test tube and the condenser Before starting the quantitative 
determination of total nitrogen ammonia nitrogen or urea nitrogen 
measure the unne volume accurately 


1 Baskins H D The Technic of Quantitative I stimation of Urea Ammonia and 
Total Nitrogen in the Unne Northwest Medicine 18 37-42 (March) 1919 



3 6S 


LABORATORY DIAGNOSIS 


Measure accurately 2 cc of a 1-10 dilution (02 cc ) of the urine 
into a dry Pyrcx test tube (8 by 1 inch), add 1 cc of sodium sulphate 
sulphuric acid reagent and 2 glass beads 1 to prevent bumping Sup 
port the tube in an inclined position by means of a damp on a nng 
stand and insert a bent calcium chloride tube which fits loosely into 
the Pyrex tube as a fume sucker and attach it to a suction pump 
Heat the tube using a micro burner held in the hand When the 
mixture foams above the lower one third of the tube, lessen the heat, 
otherwise keep up vigorous boiling When the liquid becomes dear 
and colorless dimmish the heat so that boiling is barely maintained for 



4 minutes Ammonia is driven off if the sulphuric acid is boiled down 
to a small volume by the use of too much heat If the beads fly above 
the liquid, tapping the tube will bring them down Do not allow acid 
fumes to escape into the air at any time as they might affect the titra 
tion later 

In determinations that require longer heating than usual, take 
away the flame when foaming has ceased, and after the mixture has 
cooled somewhat, add 3 drops of hydrogen peroxide , mix and heat 

While the tube is cooling measure exactly 25 cc of Nf 70 sulphuric 
acid into the receiving bottle and add 1 drop of 1 per cent sodium 
alizarin sulphonate 


1 A 15 cm length of Pyrex glass tubing bent into an elongated U and * 
open ends under the surface of the liquid is even more efficient in preventing P S 
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Let the tube cool for 2 minutes, keeping the fume sucker attached, 
then add about 7 cc of distilled water, cautiously at first and with 
shaking If the residue is not all dissolved, shake until it is, warming 
slightly if necessary The liquid must not be more than luke warm 
when the strong alkali is added Adjust the tube in the clamp of the 
distilling apparatus as shown in Fig 14 The rubber stopper and its 
attached bent tube and trap is detached from the condenser, and at 
least 3 cc of 60 per cent sodium hjdroxide is drawn up by slow suction 
bejond the bend of the tube and is held in by damping the rubber 
tubing with a pinchcock After connecting with the condenser allow 
the alkali to flow down and mix* Adjust the delivery tube to touch 
the surface of the acid Heat gently at first and then boil vigorously 
but watch for bumping since alkali may go over if the liquid is thrown 
up into the trap Boil down to about one half volume, or until salts 
separate out If it is boiled down to a \ery small volume, the salts 
may cake on the glass and the tube is likely to crack 

Disconnect the condenser from the safet} bulb, and raise the deliv 
ery tube in the receiving bottle With a spray of distilled water from a 
wash bottle nnse the inside of the condenser tube and the delivery tube 
into the acid mixture Also rinse the outside of the delivery tube 
Titrate the distillate mixture in the bottle with N / 70 sodium hydroxide 
until the sodium alizarin sulphonate turns to a reddish color having a 
slightly purplish tinge If one slips beyond the end point by accident, 
it is necessary to add exactl> 5 cc of N/70 acid and to continue the 
titration, thus saving the estimation 

As suggested in the section on the use and calibration of apparatus, 
the end point may be more accurately determined by comparing it with 
a permanent standard 

It is almost impossible to procure commercial grades of sodium 
sulphate and sulphuric acid which do not contain small amounts of 
nitrogen so it is desirable to run controls occasionally without the 
added urine and to subtract the control figure from the calculated 
amount of standard acid combined with ammonia It is also desirable 
to run controls occasionally on known nitrogenous solutions as a 
check on the technic 

Calculation Deduct the cc of alkali used in titration from the cc 
of acid taken (25), then deduct the control for ammonia in the reagents 
This gives the cc of N/70 NH S that has distilled over Multiplying 
this b> o 001 (1 e , 5X0 0002) and by the unne volume (100 to 
get per cent) gives the grams of nitrogen in the 24 hour sample 
of unne 
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Note Before doing the next estimation, dry the beads and the 
tower part of the Fyrex tube over a flame (air adsorbs to the glass and 
prevents bumping— -Folin), but let the tube cool before adding the 
reagents to it 

(3) — Sixty per cent sodium hydroxide Dissolve 100 grams of the 

pure sticks m 125 cc of distilled water and allow to settle Decant the clear liquid 
Sodium sulphate sulphuric acid reagent Add an equal volume of sulphuric 
acid to water slowly while stirring and saturate with sodium sulphate If x cc of 
selenmmoxychloride (West and Brandon) is added per 500 cc , the reagent is even 
better and there will be no necessity for adding hydrogen peroxide 

(b) Colorimetric Method — (r) Technic — If Nessler’s solution is to be used, the 
procedure is the same as for the titration method up to the point of adding distilled 
water In this case, cool, add 25 cc of distilled water containing 1 cc of gum 
ghatti and, at once, 15 cc of Nessler’s reagent and dilute to 50 cc The pjrex tube 
should have a mark on it corresponding to 50 cc While this is cooling add r cc of 
dilute standard ammonium sulphate solution to a similar test tube, graduated at 
50 cc Add 1 cc of sodium sulphate sulphuric acid solution and 25 cc of distilled 
water containing 1 cc of gum ghatti and quickly to avoid separation of selenium 
IS cc. of Nessler s reagent (measured with a graduate, not a pipette) Dilute to 
50 cc and compare in a colorimeter 

(2) Calculation — of unknown * 0 2 * of nitrogen w the quantity 

of urine (or blood filtrate) used Multiply this by 5 and by the urine volume 
(100 to get the percentage) and divide by xooo to get the grams of nitrogen in the 
24. hour unne 

(3) Reagents — Gum ghatti To 5 gra of finely powdered gum ghatti (Eimer 
and Amend) in an Erlenmeyer flask add 250 cc of distilled water and shake at 
intervals for 2 to 4 hours Strain through a cloth and add o 2 to o 3 gm of benzoic 
acid dissolved in alcohol and shake at once 

Nessler’s solution (Folm) This, is essentially a strongly alkaline solution of the 
double iodide of mercury and potassium Place 75 gm of potassium iodide and 
55 gm of iodine in a 500 cc Florence flask Add 50 cc of water and about 75 S ra 
of metallic mercury and (caution heat is generated) shake the flask vigorously 
until the red iodine solution has begun to become pale (10 to 15 minutes) Then 
cool in running water, continuing to shake until the red color is completely replace 
by green Decant from the surplus mercury into a 1 liter flask and wash t e 
mercury with repeated portions of distilled water, adding them to the solution in 
the flask Cool to room temperature and dilute to the mark From this stoc 
solution of double iodide of mercury, make the Nessler s solution by adding 150 cc 
of it to 700 cc of 10 per cent carbonate free sodium hydroxide in a 1 liter flask an 
diluting to the mark with distilled water The 10 per cent sodium hydroxide may 
be made bv dilution of 60 per cent It should be 2 j times as strong as N/i su 
phunc acid when titrated with pbenolphthalein as indicator 

Standard ammonium sulphate solutions Dissolve 0 9428 gm of C P ammo 
mum sulphate in distilled water in a loo cc volumetric flask and dilute to the mar 
Ten cc of this diluted to 100 cc with distilled water gives a standard containing 
r mg of nitrogen ra 5 cc 
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9 Creatinine and Creatine — I prefer the Folm colorimetric method with 
slight changes in the quantities used 

(a) Principle — Creatinine has the propertj of reducing picric acid to picramic 
acid in quantitative amounts Picramic acid in alkaline solution (sodium picra 
mate) has a reddish-orange color which can be compared with standard N/2 potas 
sium dichromate solution or pure creatinine standards Creatine can beh>drol>zed 
to creatinine and the amount determined by difference 

(b) Technic —■ Creatinine Measure exactly 2 cc of unne into a 100 cc volu 
metric flask add 10 cc of saturated picnc acid solution 1 cc of clear 10 per cent 
sodium hydroxide and mix After standing for 10 minutes fill to the mark with 
water and mix well Compare some of this solution in a colorimeter with exactlj 
N/a potassium dichromate set at 8 mm as the standard If the reading is less 
than 6 mm , make another estimation using 1 cc of unne but the same amount of 
reagents and multipl> the calculated results b> 2 If the reading is above 12 mm , 
use 4 cc of unne and divide the calculated results by 2 The temperature should be 
between 15° and 20° C and the estimation should be finished within 20 minutes 
after diluting 

Calculation Grams of creatinine m 24 hour specimen equals 8 t divided by the 
average of four readings multiplied by the total cc of the 24 hour specimen divided 
b> xooo It has been determined that 2 mg of pure creatinine when treated as 
above and diluted to 100 cc yields a mixture 8 1 mm of which possesses the same 
colonmctnc value as 8 mm of Iv/2 potassium dichromate solution To convert 
creatinine to nitrogen of creatinine divide by 2 69 

Creatine To 2 cc of unne in a 100 cc volumetric flask add 2 cc of Is/r 
h> drochlonc acid and place the flask in an autodav e at 1 1 5 0 to 1 20” for 30 minutes 
Cool add 2 cc of N/i sodium h> droxide and proceed as in the creatinine estimation 
The result obtained is creatinine plus creatine figured as creatinine To get the 
creatine value subtract the creatinine value from the creatinine plus creatine 

(c) Reagents — (1) Saturated picnc acid solution Dissolve *» 2 grams of pure 
picric acid in 200 cc of distilled water bj allowing it to stand at room temperature 
for two days shaking occasionally do not heat because it becomes dark and roa> give 
a color 30 per cent darker than it should 

(2) N/2 potassium dichromate solution Dissolve 2 455 grams of pure potas 
sium dichromate in distilled water in a 100 cc volumetnc flask and dilute to the 
mark keep it in a brown bottle 

io Chlorides (Nolhard) — (a) Principle — The unne is acidified with nitric 
acid and the chlondes are precipitated with a measured amount of standard silver 
nitrate solution (added in excess) The silver chlonde formed is filtered off and 
the excess of silver nitrate in the filtrate is titrated back with standard thioc>anate 
(sodium pot-vssuim or ammonium) solution Feme alum is used as an indicator 
a red color due to the formation of feme thioejanate indicates that an excess of 
thiocvnnate is present and that the end point lias been reached 

(b) Technic — Measure about 20 cc of distilled water and 2 cc of C T chloride 
free nitric acid into a jo cc v olumctnc flask and add exactlv $ cc of unne and 10 cc 
of standard silver nitrate solution Pill to the mark with distilled water and mix 
filter through a drj filter into a drv flask Measure exactlj 2s cc of the filtrate 
with a pipette into a titration flask odd 5 cc of 20 per cent ferric alum solution and 
titrate with standard sulphocvanate solution to a slight red color that remains after 
tboroagh mixing 
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reagent in terms of exact N/200 thiosulphate This method gives results with a 
maximum error of 3 per cent if the directions are followed exactly 

(2) Technic Measure exactly 1 cc of urine into a 50 cc volu 
metric flash, or 2 cc into a 100 cc flash, fill to the marh with water 
and mix well If the Benedict’s qualitative test is less than 3 plus, 
measure exactly 5 cc of the diluted urine for estimation, if 3 plus, 
measure exactly 2 cc and add 3 cc of water, or if 4 plus, measure 
exactly 1 cc and add 4 cc of water, into an 8 by 1 inch test tube 
Add exactly 5 cc of the micro copper reagent and mix well Plug 
the tube loosely with non absorbent cotton or a glass bulb and place 
it, supported vertically , in a boiling water bath After exactly 15 
minutes heating, remove from the bath and cool rapidly, without 
shaking, to 30 to 40° C Add 5 cc of N/i sulphuric acid , mix and 
corh the tube loosely This temperature is important for the effective 
reaction of the liberated iodine, especially in the case of the more con 
centrated sugar solutions After 2 minutes titrate the excess of 
liberated iodine with the standard sodium thiosulphate solution Add 
the standard solution somewhat rapidly until the liquid becomes a 
pale straw color, then add o 5 cc of 2 per cent starch solution and 
titrate cautiously to the sudden disappearance of the starch iodine 
blue leaving a pale copper blue color If in doubt as to the end 
point, note the reading of the burette and add another small drop If 
no further change occurs, the end point had been reached The color 
can be best judged by looking down through the mouth of the tube 
toward a white surface When near the end point shake the tube 1 
after the addition of each drop or insert a tight fitting cork and invert 
the tube 

Calculation In Table 18, find the per cent of sugar opposite 
the cc of thiosulphate used m the column U 5, U 2, or U 1 according 
to whether 5, 2 or 1 cc of dilute unne was used In the case of lactose 


use column L 5 or L 2 (5 or 2 cc used) and for levulose or galactose 
multiply the dextrose value corresponding to the titration by the 
factor given at the end of the table The table given here is slightly 
different from that originally published, being revised for low conccn 
trations of dextrose, corresponding to titrations of over 17 cc 

Influence 0 f Urinary Constituents — The slight reducing power of 
normal substances may be allowed for by deducting o 1 for dextrose 
or o 1 5 for lactose from the per cent figure The presence of a moderate 
amount of protein causes no error 


1 If many estimations are done in a day a convenient stirring dev ice may be made from 
a second hand mr.dshirhl wiper run by a suction pump and connected by a wire to a glass 
rod with a loop formed at right angles at one end (West ) 
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Table 18 —Per Cent Sugar Corresponding to Cubic Cestiueters Thiosulphate 
Used tor Titration 1 


Cc 1 

La 

L S 

Ui 

1 Ua 

Vs 

! B 

If, 2 1 

15 0 

0 50 

0 63 

I 0 so 

0 35 

O 75 

0 38 

0 15 

0 030 

18 8 

0 7 5 

1 0 30 

0 95 

0 47 

0 19 

1 0 038 

18 6 

0 85 1 

0 34 

1 oS 

0 54 

O 23 

‘ 0 043 

18 4 

0 07 ! 

0 39 

I 20 

0 60 

O 24 

0 048 

18 2 

1 oS 

0 43 

2 35 

0 67 

O 27 

' 0 °S4 

18 0 

t 20 

0 48 

1 so 

0 7a 

0 30 

| 0 060 

17 8 1 

I 31 

0 S3 

1 63 

0 8t 

0 33 

* 0 065 

17 6 

I 4a 

0 57 

> 75 

0 87 

° 35 

0 070 

*7 4 

* S3 I 

0 61 I 

1 85 

0 92 

0 37 

0 074 

17 1 

1 65 

0 66 

» 95 

0 97 

0 39 

0 078 

17 0 

t 7S 

0 70 

2 04 

1 02 

0 41 

0 083 

16 8 

x 87 

0 75 

2 18 

1 09 

0 44 

0 087 

(6 6 

a 00 

0 80 

2 32 

1 16 

O 46 

0 093 

16 4 

3 11 1 

; 0 84 1 

2 46 i 

2 23 

0 49 

0 099 

16 2 

a 33 

1 0 89 

2 60 

2 30 

0 S3 

0 104 

16 0 

a 3S 

1 0 94 

2 73 

I 36 

0 55 

0 109 

*5 8 

a 47 

0 99 

1 2 85 

2 43 

0 57 

0 124 

15 6 ' 

a 57 

1 1 03 

1 2 98 

I 49 

0 60 

0 119 

*5 4 

3 68 

1 07 

3 20 

2 5S 

0 62 

0 134 

15 » 

3 78 1 

1 ” 

, 3 8S 

1 61 

i 0 6 > 

0 129 

15 0 

2 88 

1 IS 

3 36 

1 68 

0 67 

0 134 

14 8 , 

a 98 1 

1 19 1 

3 49 

t 75 1 

0 70 

0 140 

14 6 

3 10 

I I 24 i 

3 6» 

1 8a 

0 73 

0 146 

14 4 

3 ao 

1 1 28 

3 78 

1 89 

0 75 

0 IS* 

14 2 

3 32 

. « 33 

3 92 

1 96 

0 78 

0 XS7 

14 0 

3 45 

1 38 

4 °S 

2 02 | 

0 81 | 

0 162 

1 3 8 | 

3 58 

2 43 

4 27 

2 og | 

0 83 

0 167 

13 6 

3 70 

1 48 ! 

4 30 

3 IS ! 

0 86 1 

0 17a 

13 4 

3 80 

1 52 

4 43 

2 21 

0 89 

0 i 77 

13 2 ' 

3 92 

i 57 

4 56 

3 28 

0 91 

0 182 

13 0 ! 

4 °s ; 

1 62 

4 70 

2 35 

0 94 

0 188 

12 8 1 

4 25 

1 66 

4 84 

2 42 

0 97 

0 igj 

12 6 { 

4 25 

1 70 

4 99 

2 49 

1 00 

0 200 

12 4 

4 35 

2 74 

5 *2 

2 56 

1 02 

0 20s 

12 2 

4 47 

1 79 

5 25 

2 63 

2 OS 

0 210 

12 O 

[ 4 57 

» 83 

5 37 

2 69 

1 07 

0 215 

ii 8 | 

4 67 

1 87 

s 52 

2 76 

1 10 

0 220 

11 6 1 

4 78 

1 91 

S 6 3 

2 83 

2 23 

0 226 

11 4 | 

4 89 

1 96 

s 80 

2 90 

1 16 

0 232 

11 3 

I 5 00 

2 00 

5 93 

2 96 

1 19 

0 237 

11 0 

S 10 

2 04 

6 os 

3 03 

x 21 

0 242 

to 8 

5 ao 

2 08 1 

6 18 

3 °9 

1 24 

0 247 

10 6 

1 5 30 

2 12 

6 31 

3 26 

1 26 

0 252 

10 4 

5 40 

2 16 j 

6 44 

3 22 

1 29 

0 257 

10 2 

s 50 

2 20 

6 57 

3 28 | 

1 32 

0 203 

to 0 

5 6 ° 

2 24 

| 6 70 

3 35 1 

1 « 

0 168 
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Table 18 —Per Cent Sugar Correspo jdinc to Cubic Centimeters Thiosulphate 
Used tor Titration 1 — (Continued) 


Cc 1 

L2 

u 

1 Ui 

U2 1 

us 

B 

98 1 

S 7 ° 1 

2 28 

6 85 

3 42 

1 37 ( 

0 274 

9 6 - 

S 80 1 

2 33 

i 6 98 

3 49 

1 40 

0 279 

04 1 

S 9 ° 

3 36 

1 7 13 

3 56 

1 42 

0 285 

9 2 

6 00 

2 40 

7 34 

3 62 

1 44 

0 28g 

9 0 | 

6 10 | 

3 44 

1 7 35 

3 67 

* 47 ] 

0 294 

8 8 I 

6 30 ( 

2 48 

7 46 

3 73 

1 49 | 

0 298 

8 6 

6 30 1 

2 S 3 

7 S 7 

3 79 

I 51 i 

I 0 40 3 

8 4 

6 40 

2 56 

7 69 

3 8t 

1 54 

0 307 

8 3 

6 $° l 

2 60 

7 79 

3 89 

1 56 

0 312 

8 0 | 

6 63 

2 65 

7 90 

3 9 S 

1 58 I 

0 316 

7 » 

6 73 l 

2 69 

8 01 

4 00 

1 60 | 

0 320 

7 6 1 

6 85 

2 74 

8 13 

4 06 

1 62 

I 0 325 

7 4 | 

6 95 1 

2 78 

8 3 , 

4 12 

1 6S 

0 330 

7 2 

7 07 | 

2 83 

8 38 

4 *9 

l 67 

O 33s 

7 0 ' 

7 20 1 

2 88 

8 50 

4 2 5 

1 70 

0 340 

6 8 l 

7 30 

2 92 

8 64 

4 3 2 

1 73 

0 346 

6 6 | 

7 4 2 1 

3 97 

8 78 

4 39 

1 76 

I 0 35 i 

6 4 l 

7 55 

| 3 03 

8 92 

4 46 , 

1 78 

! 0 357 

6 3 I 

7 65 1 

3 06 

9 07 

4 53 ' 

1 81 

I © 363 

6 0 1 

7 75 

1 3 10 

9 31 

4 61 

z 84 

0 368 

S & 1 

7 87 

3 15 

9 36 

4 68 

1 87 

0 374 

5 « 1 

8 00 

3 30 

9 50 

4 75 1 

1 90 

0 380 

5 4 I 

8 10 

3 2 4 

| 9 64 

4 82 | 

1 93 

0 386 

5 2 

8 20 

3 38 

9 78 

4 89 1 

1 96 

0 391 

5 0 1 

8 3 * 

3 33 

1 9 92 

4 96 1 

1 98 

0 397 

4 8 1 

8 43 

3 37 

10 06 

5 03 

2 ox 

0 403 

4 6 | 

1 8 55 

3 43 

10 20 

5 10 

2 04 

0 408 

4 4 | 

8 65 

' 3 46 

10 34 

5 17 

2 07 

0 413 

4 2 1 

8 75 

3 SO 

10 48 

5 24 | 

2 10 

0 419 

4 0 

8 85 

1 3 54 

| 10 6l 

5 3 i 

2 12 

0 424 

3 8 

8 

3 S& 

10 7j 

5 38 l 

2 *5 

0 430 


Li — Per cent anhydrous lactose if 2 cc is used for estimation 
L5 — Per cent anh> drous lactose if 5 cc is used for estimation 
Ui — Per cent anhydrous dextrose if 1 cc of diluted unne is used 
XJa— Per cent anhydrous dextrose if a cc of diluted unne vs used 
Us — Per cent anhydrous dextrose if 5 cc of diluted urine is used 
B — ’Per cent anh> drous dextrose in blood 

Multiply dextrose values by t 06 for levulose and by 1 37 for galactose 
* Extracted by permits on from the Am J Med Sci 172 256 (August) 1926 

(3) Reagents Microcopper reagent Dissolve each chemical separately 
(a) 40 gm of C P anhydrous or 47 gm of pure monohydrated sodium carbonate in 
400 cc of warm distilled water (b) 5 gm of dear crystals of C P copper sulphate 
in 100 cc of water (c) 7 5 gm of pure tartaric acid in 100 cc of water (d) o 700 
gm of pure potassium lodate (uetgftetf occuraltly) in 100 cc of water (e) 10 gm 
of potassium iodide in 100 cc of water (f) 184 gm of pure neutral potassium 
oxalate in 100 cc of water 
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When all arc dissolved, mix (c) with (b) and pour the mixture slowly with 
stirring into (a) Combine (d), (e), and (f) and pour at once into the carbonate 
copper mixture Transfer to a 1 liter volumetric flask Rinse all the dissolving 
beakers with small portions of water and add to the solution in the flask When 
cooled, fill to the mark and mix On standing, a little sediment will be deposited, 
use the clear top liquid for estimations If the chemicals arc pure, the reagent run 
as a control will give the same titration whether heated in a bath 15 minutes or not 
heated New microcopper reagents' have been proposed, I have not found that 
they have any advantage for clinical purposes They can not be used with the 
tabic for calculation 

Standard thiosulphate Dissolve 26 gm of sodium thiosulphate crystals and 
o 5 grams sodium carbonate in :ooo cc of water which makes a solution stronger 
than N/10 This strong stock solution weakens very slowly after the first 2 days 
Keep it in a brown bottle in a cool place Make a fresh dilution of this for use 
in titration each day Determine the ratio of dilution once in 2 weeks, as fol 
lows Measure 5 cc of the strong stock solution into a 100 cc volumetric flask 
add water to the mark, and mix With this solution titrate 5 cc copper reagent 
plus s cc of water after adding acid as in an estimation When titrations agree 
within o x cc prepare another dilution such that 19 5 cc will be required for titra 
tion of the control For example, if the titration was 19 o cc , dilute 5 cc to 102 6 
cc , 1 e , (19 5 divided by 19 o) X 100 Table 18 can be used only when the final 
control titration is 19 5 cc or the titration is corrected to this value The dilute 
thiosulphate (about N/200) will remain unchanged for a considerable time if there 
is added to it 20 mg of anhj drous sodium carbonate per 100 cc of solution The 
carbonate may be added as solution before filling to final volume o 5 cc. of 4 per 
cent solution for 100 cc of thiosulphate, or 2 cc of io per cent solution for 1 liter 

Starch solution Mix 2 gm of soluble starch with 10 cc of water and pour it 
into 90 cc of boiling water, mix and boil 1 minute Add a few drops of toluol as a 
preservative 

(bl Benedict s Method —This method is not nearly as accurate or convenient as 
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more than a i plus reduction, indicating the presence of over o 5 per cent sugar with 
Benedict’s qualitative test make an exact dilution so that the concentration is 
between o 25 and o 5 per cent sugar For instance if a tnal titration gives the 
result 7 cc , dilute the unne with an equal volume of water (dilution factor = 2) 
and titrate again 

Into a 200 cc Pyrex Erlenmeyer flask measure with a pipette or automatic 
burette exactly 2s cc of the reagent add a pinch of pondered pumice and about 
4 grams of monohydrated sodium carbonate Insert a two hole rubber stopper which 
has in one hole a bent tube to convey away the steam during the boiling Place the 
flask on wire gauze supported by a tnpod and insert the tip of the burette, filled with 
the unne, into the other hole of the stopper A large asbestos pad, about 10 inches 
in diameter and with a 2 inch hole in the center, placed under the flask will protect 
the hands from the flame during the titration Bring the reagent to boiling and 
keep it continuously and vigorously boiling throughout the estimation ho shaking 
of the mixture is necessar> As soon as the reagent hods begin adding the unne 
and add it continuously as fast as drops can be counted but never in a stream 
When a chalky white precipitate appears in the blue mixture add the unne drop by 
drop having a slight interval between the drops and finally when the mixture is of 
a very pale greenish color have a distinct pause between drops The end point is 
a jellowiah white turbid liquid with no tinge of green 

Calculation 2$ cc of Benedict s reagent is reduced by o 05 gm of dextrose 
o 067 gm of lactose, therefore X 100 X dilution factor = per cent of 

dextrose in the original sample where 7 is the number of cc of unne required to 
reduce the as cc of reagent 

This method will give results within 10 pet cent of the actual percentage of sugar 
present if the directions as given are closely adhered to and frequent checks on the 
technic arc made by titration of sugar solutions of known concentration However, 
as ordinarily done, errors of 30 per cent are not uncommon 

(3) Reagent Benedict s reagent Dissolve exactly 18 gm of noneffloresced 
copper sulphate crystals in 100 cc of distilled water Dissolve 100 gm of mono 
h>drated or 200 gm of cr>stals of sodium carbonate m about 575 cc of water with 
the aid of heat add 200 gm of sodium citrate and 105 gm of sodium or 125 gm of 
potassium thioc> anate and stir or shake until dissolved Filter if the solution is 
not clear use distilled water to take the salts out of the filter paper Bring the 
volume to about 800 cc Tour the copper sulphate solution into it with constant 
shaking or stirring use 25 cc of water to nnse the rest of the copper solution out of 
the flask Transfer to a r liter volumetric flask add 5 cc of 5 per cent potassium 
ferrocjamde solution nnsc all the reagent from the previous container into the 
flask with water and when cooled to room temperature fill to the mark with water 

(c) Folartscopic Determination —This method gives results sufiicientlj accurate 
for most clinical purposes but requires the use of an expensive apparatus Errone 
ous results ma> be obtained due to the presence of oplicall) active substances other 
than sugar such as gljcuronxtes Before doing a polanscopic examination the 
unne must be Ihoroughlj decolorucd by vigorous shaking with some adsorbent 
substance such as infusorial earth and filtration or better b> the following technic 
Mix exactlv 10 cc. of unne with acetone until the volume becomes exactly 12 5 cc 
add 1 gram of Merck s blood charcoal and shake continuous!) for 5 minutes then 
filter and use the filtrate for the determination If the latter method is used correct 
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for the dilution by the acetone by multiplying the calculated result by i 25 The 
formula used for calculating is 

Observed rotation X 100 

Specific rotation X tube length in decimeters = P er ccnt °* sugar 

The specific rotation of dextrose 13 +52 5 of lactose is +36°, and of galactose is 
+81 s° 


12 Galactose Tolerance Test — (a) Principle — In diffuse liver 
disease less galactose is converted to glycogen and more is excreted 

(b) Technic — The patient is instructed to come to the laborator) 
without breakfast On arrival, have the patient void and test the 
urine for reduction If negative, give 40 gm of galactose in 10 per cent 
solution and collect all the urine voided for 5 hours or until the reduc 
tion test is again negative Mix all samples showing reduction, meas 
ure the volume, and make a quantitative sugar estimation as directed 
(p 372) Multiply the factor for dextrose m Table 18 b> 1 37 to get 
the per cent of galactose Calculate and report the total grams 
excreted Normal)} this should not exceed 3 gm 

13 Alkali Tolerance Test — This test was first used by Sellards 1 
It is reliable for showing the absence of acidosis Generally it detects 
an existing acidosis and gives a rough idea of the degree of acidosis, 
provided there is no impairment of kidney function It is now rarely 
used 

(a) Principle — Sodium bicarbonate is administered in small amounts by mouth 
until the reaction of the unne changes from acid to alkaline or, as I prefer, unUl 
there is a nse of o 7 to 1 o in the pH figure The amount of bicarbonate is then 
noted 


(b) Technic — Have the patient empt} the bladder and determine 
the approximate pH with Squibb’s nitrazine p3per 1/ it is alkaline, 
acidosis is not present If it is acid, give 5 grams of sodium bicarbonate 
dissolved in water every half hour until the pH changes Have the 
patient void ever} 15 minutes and test the unne with nitrazine paper 
Record the total grams of sodium bicarbonate required to produce an 
increase of about 1 in pH 

Normals require 10 grams or less, so that if this amount does not 
produce a significant change in the reaction of the unne, the test shoul 
be stopped and an alkali reserve estimation be made on the patient s 
blood 


1 Sellards A W The Determination of the Equilibrium m the Human y 
Acids and Bases with Especial Reference to Acidosis and Nephropathies J 

Hopkins Hosp 23 289-302 (Oct ) 1912 
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14 Total Titratable Acidity (Fotin) — (a) Prtnctple — The urine is titrated 
with standard sodium hydroxide solution in the presence of potassium oxalate 
using phenolphthalein as an indicator The potassium oxalate is added to pre 
cipitate the calcium which would otherwise interfere with the end point, due to the 
precipitation of calcium phosphate on neutralization of the urine Acid phosphate 
is changed to alkaline (disodium) phosphate The end point is distinctly on the 
alkaline side of the neutral point 

(b) Technic — In a beaker or titration flask, mix 2 cc of saturated (30 per cent) 
neutral potassium oxalate solution with 25 cc of distilled water and o 5 cc of 1 per 
cent alcoholtc phenolpkthaletn solution Add to this mixture dilute sodium hydroxide 
(e g , N/70) until a faint pink is secured Then add exactly 10 cc of the unne and 
titrate with N/ 20 sodium hydroxide to a slight but easily distinguished pink color 
that remains at least 15 seconds after thorough mixing 

Calculation Divide the cc of alkali used by 2 to give the cc of N/10 sodium 
hydroxide Calculate the total titration value of the 24 hour sample 

Note If a number of urines are to be titrated it is advisable to use a standard 
color mixture for comparison so as to secure the same end point in all titrations 
This may be prepared by adding a red dye such as amaranth to a mixture of urine 
oxalate and water 


15 Quantitative Determination of Sulfanilamide or Sulfa- 
pyndme in Urine — Make an accurate 1-10 dilution of the urine 
with distilled water Measure 10 cc of this diluted urine into a flask 
and proceed as described under determination of sulfanilamide or 
sulfap>ridine in blood (page 417) Multiply the calculated results 
by 10 

16 Quantitative Determination of Urobilinogen in Urine 
(Sparkman 1 ) — (a) Principle — The urobilinogen of freshl> voided urine 
reacts with Ehrlich's aldehj de solution to form a colored compound and 
the intensity of the color is compared with that of an artificial standard 
of know n urobilinogen equivalent 

(b) Technic — If the 24 hour excretion is desired, collect the urine 
as adxocated by Watson in a brown bottle containing 100 cc of petro 
leum ether and 5 gm of anhydrous sodium carbonate A freshly 
voided specimen maj be used at once for the determination without 
addition of a preservative To 25 cc of urine in a flask add 1 gm 
of anhydrous calcium chloride, shake and filter The calcium chloride 
precipitates and removes bile pigment A drop of fuming nitric acid 
added to the precipitate on the filter will give the characteristic colored 
nngs if bile pigment is present and is an even more sensitive test for 


‘Sparkman R Studies of Urobilinogen I A Simple and Rapid Method for the 
Quantitative Determination of Urobilinogen in Stool and Urine II Normal Values for 
Urobilinogen Excretion in Single Specimens of Urine and Stool III The Clinical Value of 
Determinations of the Urobilinogen Content of Single Specimens of Urine and Stool Arch 
Int Med 6 0 85S-8S3 (May) 1939 Reproduced by permission of the author and publisher 
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bile pigment than the Gmchn-Rosenbach method To io cc of the 
filtrate in a test tube add i cc of the aldeh>de reagent and mix thor 
oughly by inversion At the end of 5 minutes, match in a colorimeter 
against the artificial standard nearest the unknown in color 
, . , , , Reading of the standard w . , 

(c) Calculation ~ r — dlng ot the unkmmn X the factor = the mg 

of urobilinogen per 100 cc of unne The factor is 8 2 xvith the strong 
standard, 2 4 with the intermediate standard, and 09 with the weal 
standard 


(d) Reagents — Ehrlich’s aldehyde reagent — lo 10 grams of paradimethyl 
aminobenzaldehyde, add a mixture of 75 cc of distilled water and 75 cc of C P 
hydrochloric acid This keeps well 
Artificial standards These keep well 

Strong standard Prepare an accurate 4 per cent solution of gold chloride and 
10 per cent solution of sodium bromide To 10 cc of 4 per cent gold chloride 
add xo cc. of xo per cent sodium bromide and dilute to 150 cc 

Intermediate standard Transfer so cc of strong standard to a 100 cc volu 
metric flask and dilute to the mark with distilled water 

Weak standard Dilute 50 cc of the intermediate standard to 100 cc with 
distilled w-ater 

17 Table of Normal Findings — As pointed out in the introduc 
tion to Chapter II, it is impossible to define a normal unne unless the 
vanable factors of diet, fluid intake, plasma composition, etc are 
known In Table 19 the usual findings in the unne of the a\erage, 
healthy adult under the average living conditions in the United States 
are given 


Table 19 — Normal Urine Values 


Volume 

800 to 1800 cc per 24 hours 

Specific gravity 

1 010 to 1 025 on 24 hour sample 

Total solids 

30 to 60 grams per 24 hours 

Total nitrogen 

10 to 16 grams per 24 hours # v 

Urea nitrogen 

7 to 13 grams per 24 hours or 75 to 90 per cent ui the 
total nitrogen 

Ammonia nitrogen 

0 3 to 1 0 gram per 24 hours or less than 10 per cent 
of the total nitrogen 

Creatinine 

1 0 to 1 8 grams per 24 hours 

Uric acid 

0 s to 0 7 gram per 24 hours 

Sodium chloride 

10 0 to 160 grams per 24 hours 

Total titratable acidity equivalent to 

150 to 400 cc of N/xo acid per 24 hours 

pH 

S 5 to 7 0 

Phenolsulphonphthalem excretion 

First specimen 40 to 60 per cent 

Second specimen 20 to 25 per cent 

Total for 2 specimens 60 to 80 per cent 

Galactose tolerance 

Less than 3 0 gm excreted 



SECTION IV BLOOD CHEMISTRY 


A Collection and Labelling of Specimens — All blood for 
quantitative chemical analysis must be collected after a fasting period, 
preferably in the morning before breakfast, unless otherwise specified 
The blood should be withdrawn from the vein as soon as possible after 
the tourniquet is applied because venous stasis tends to produce a 
rapid change in the composition of the blood Dry powdered potas 
sium oxalate, 1 2 mg per 1 cc of blood, is recommended as an anti 
coagulant in those cases where whole blood or blood plasma is used 
for the determination Mix the blood rapidly and thoroughly with 
the oxalate by holding the corked test tube horizontally and tapping 
it with one hand and place it in the icebox unless the determination 
is begun immediately Estimations of urea, creatinine, and sugar may 
be inaccurrate if the blood stands at room temperature for 4 hours or 
at 8° C for 24 hours Addition of 10 mg of monochlorbenzene 2 and 
10 mg of sodium fluonde per cc of oxalated blood will prevent these 
changes for 6 days or more and will permit the mailing of specimens 
If a protein free filtrate is to be used, it should be prepared immediately, 
then if it is saturated with toluol and placed in the icebox, it will keep 
well for at least 24 hours All specimens should be labelled with the 
patient’s name in full, the minute, hour and day and the tests desired 
B Blood Urea Nitrogen (Van Sly he and Cullen modification of 
Marshall’s urease method) — The urease method on the whole blood 
using the same aeration apparatus as for urine urea is recommended 
1 Principle — This is identical with that of the urine urea determination 


2 Technic — First make sure that the blood tube (No 2) is free of 
alkali as directed in the urine urea determination on page 365 When 
the tube is neutral, measure into it exactly 4 cc 3 of well mixed whole 
blood, and add 1 5 cc of 2 5 per cent acid potassium phosphate solution 
as a buffer, 4 drops of capryhc alcohol , and 1 cc of 10 per cent urease 
solution or rub up o 1 gram or 1 tablet of urease with 1 cc of water, 
pour into the tube and nnsc the mortar with the buffer solution 
The urease glyccnn solution described under the urine urea nitrogen 
may be used instead Connect the tube with the apparatus and 


1 See p 461 lor a rapid method of preparing a large number of tubes 
’Lewis R C and Mills G E The Comparative Value of Monochlorbenzene and 
Thymol When Used with Fluonde as Preservatives of Blood for Chemical Analysis Am 
J Um Path x 17-28 (Jan ) 1933 / 

» If a very high estimation is expected use 3 cc and multiply the result by 2 
38 * 
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immerse the lower portion in a w ater bath at 50 to 55° C Allow thirty 
minutes for enzyme action Into the acid tube (No 4) measure exactly 
25 cc of A T /7° sulphuric acid , add 4 drops of caprylic alcohol and one 
drop of 1 fer cent sodium alizarin sulphonate solution and connect 
with the apparatus 

After thirty minutes, run the air stream slowly for one-half minute 
and stop, disconnect the blood tube but do not remove it from the 
apparatus, add 6 cc of potassium carbonate oxalate reagent as for unne 
urea and connect with the apparatus again Run the air stream 
slowly for 5 minutes and rapidly for 30 minutes Then transfer the 
acid solution, with proper rinsing, to a titration flash and titrate it with 
Nf 70 sodium hydroxide 

Calculation Subtract the cc of sodium hydroxide used for the 
titration from the cc of acid taken, then deduct the control for ammonia 
in the reagents Now multiply this figure by 5 1 The result is mg of 
urea nitrogen per 100 cc of blood There is so little ammonia in the 
blood that no correction is made for it 

Note If only blood filtrate is available, 10 cc of filtrate which equals 
1 cc of blood may be used instead of the 4 cc of blood, using ff/280 
acid and alkali which equals a 1 to 4 dilution of N/70 This is simpler 
and more dependable than the use of the distillation urea methods 

If Nesslcnzation methods are preferred, incubate 10 cc of filtrate 
with urease and buffer, then add gum ghatti and 15 cc of Nessler’s 
reagent and dilute to 50 cc as directed on page 370 and proceed as 
directed for the colorimetric technic of total nitrogen estimation in 
unne Calculate as directed there but deduct a control determined 
on the reagents alone 

C The Blood Urea Clearance 2 — This is a more laborious and 


expensive test than the blood urea nitrogen, but it is more sensitive to 
slight grades of impaired kidney function 

1 Principle — Under certain conditions the rate of urea excretion 
by the kidney is directly proportional to the level of the blood urea 
nitrogen In other words, the amount of urea nitrogen excreted in one 
minute corresponds to the urea nitrogen content of a constant volume 
of blood This constant volume of blood, which might be cleared of 
urea m one minute, is called the urea clearance (C) When the unne 


volume is large, the rate of urea excretion is maximum and is unin 
1 One cubic centimeter of N/70 ammonia contains o a mg of nitrogen 4 cc or 
100 cc of blood are taken for estimation, as multiplied by o a equals 5 o therefore ea 
one cc of N/70 acid used is equivalent to 5 mg of nitrogen per 100 cc of blood 
* M oiler E McIntosh J F and Van Slyke D D Studies of Urea Excretion 
Relationship Between Unne Volume and Rate of Urea Excretion by Normal A 
J Clin Invest 6 437-465 ioao „ , 

Peters J P and Van Slyke D D Quantitative Clinical Chemistry * P 335"'! 9 
Vol I The Williams & Wilkins Co Baltimore :93a 
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fluenced by \anations in \olume of urine formation per minute and the 
maximum urea clearance (Cm) is calculated When the rate of urine 
formation falls below a certain limit, called the “augmentation limit,” 
the rate of urea excretion also falls and has been shown to vary in pro 
portion to the square root of the urine volume per minute The aug 
mentation limit has been shown to average about 2 cc per minute 
When the urine volume is below 2 cc per minute the urea clearance is 
calculated to that which would occur if the unne volume were 1 cc per 
minute This is called the standard clearance (Cs) The urine \ olume 
of 1 cc per minute was chosen for convenience in calculation and 
because it is approximately the average normal rate of urine formation 
It is evident that the data necessary for calculation of urea clearance 
are a blood urea nitrogen (B), a unne urea nitrogen (U), and the rate of 
urine formation (V) 

Since the onl> other variables arc the blood supply to the kidneys 
and the amount of functioning renal tissue, the urea clearance test 
gives a quantitative expression of renal function The amount of 
kidney tissue normally present has been shown to be proportional to 
the surface area (SA), and, therefore, b> comparing the surface area 
with the average normal, a corrected urea clearance is obtained which 
can be compared with that of the average normal adult and is expressed 
as per cent of the average normal 

2 Technic — The test may be done at an> time, but it is best to do 
it in the morning before breakfast so that the blood urea nitrogen will 
be of clinical value The patient may have fluids as desired aside 
from diuretics such as coflec or tea The patient is instructed to 
empt> the bladder completely, is cathetcrizcd if necessary, and the time 
is noted to the nearest minute This urine is discarded About 
55 minutes later, 5 cc of blood is withdrawn from a vein, oxalated, and 
used for the blood urea nitrogen estimation About an hour after the 
bladder was emptied, it is emptied completely a second time into a 
clean, dry receptacle and the time of complete emptying noted Simi 
larly a second urine fraction is collected at the end of another hour 
These two urine samples are saved, corked, and labelled with the 
exact times of collection in minutes (c g , first specimen 63 minutes, 
second specimen 58 minutes) The patient’s height and weight are 
recorded 

In the laboratory , the urine volumes arc accuratelv measured and a 
urea nitrogen estimation is done on each sample of unne and on the 
blood according to the technics previously given I xprtss the urea 
nitrogen in milligrams per 100 cc of urine Determine the rate of 
unne formation per minute for each specimen by dividing the volume 
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in cubic centimeters by the time in minutes It has been shown that 
the urea plus ammonia nitrogen in the unne is satisfactory for calcula 
tion of the urea clearance because the ammonia in unne is formed from 
urea in the kidney This dispenses with the necessity of ammonia 
nitrogen estimations or extraction of the urine with permutit 

3 Calculation — Multiply the observed volume in cc per minute 
by - g ~- to get the corrected unne volume (V), where SA is the patient’s 

surface area obtained from the table on page 426 If the corrected 
unne volume exceeds 2 cc calculate the maximum urea clearance 
UV 

(Cm) b> the formula Cm = where U equals the urine urea mtro 

gen m milligrams per 100 cc , B equals the blood urea nitrogen in milh 
grams per joo cc , and V equals the corrected unne volume per minute 
If the corrected unne volume is less than 2 cc , calculate the standard 

urea clearance (Cs) by the formula Cs = gVV, where TJ, B, and V 

have the same significance as above Divide the observed maximum 
clearance by 75 (the average normal Cm) and multiply by 100 to 
express the result in percentage of normal To express the standard 
dearancc as percentage of the normal divide the observed clearance 
by 54 (the average normal Cs) and multiply by :oo If the urea 
clearances as calculated from the two specimens disagree b\ more than 
30 per cent, an error is probable, and the test should be repeated 
Report (1) the blood and unne urea nitrogens in milligrams per 100 cc , 
(2) the urine volume, time and cc per minute for each specimen, (3) 
the patient’s height, weight and surface area, (4) the corrected urine 
volume per minute, and (5) Cm or Cs and the percentage of normal for 
each specimen and the average of the two 


Example op Calculation Patient Is 67 In Tall avd Mfigks 160 Lb 
Blood Urea Nitrogen — 8 a j mg per 100 cc 
First Specimen Second Specimen 

Volume — 108 cc Time — 63 min Volume — 130 cc Time 60 min 

Unne urea nitrogen — 328 mg per ioo cc Unne urea nitrogen 267 m S P er 100 cc 
Observed volume = ~ ** 1 71 cc per mm Observed \ olume ~~ " 2 17CC per mm 

Corrected volume = 171 X «= 1 65 cc Corrected volume =* 2 17 X j" g 0 K 3 cc 


gVV « |^vT 65 » 50 88 cc 


Per cent o! normal * 


Per cent of normal 


6731 X 100 , 


8$> 7 per cent 


1 The average normal surface area of the adult male 
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Example of Report Height — 67 In Weight— 160 Lb Surface Area— 
Blood Urea Nitrogen— 8 2 s mg per 100 o 


Unne urea nitrogen 

Volume 

Time 

Cc per minute 
Corrected volume 
Cs 

Per cent of normal 
Average per cent 


First Specimen 
328 mg per to 
108 cc 
63 mm 
1 71 cc 
1 65 cc 
50 88 

94 2 per cent 
91 9 per cent 


Second Specimen 
267 mg per 100 cc 
130 cc 


Cm 67 31 
89 7 per cent 


D Preparation of the Protein-free Filtrate — 1 Tungstate Pre- 
cipitation (Folin) — The normal values given in this book are for this 
technic unless otherwise stated 


(a) Principle —The total proteins of the blood are removed by precipitation 
with tungstic acid formed by the interaction of sodium tungstate and sulphuric 
acid and filtration The filtrate contains all of the constituents of the blood deter 
mined by this system of methods 

(b) Technic — Measure all liquids accurately since the filtrate is to 
be an exact 10 per cent dilution of the blood If onl> one method is to 
be earned out, 2 cc of blood may suffice, 7 cc will furnish filtrate for all 
the Tolin methods 


1 

Blood 1 Distilled water 

cubic centimeters cubic centimeters 

Sodium tungstate (10 
, per cent) cubic • 
centimeters 

Sulphuric acid ( 2 $ N) 
cubic centimeters 

2 , *4 

2 1 

2 

5 35 

5 

5 

7 j 49 

7 

7 


Mix the blood and water in a flask and let it stand until w ell laked 
Add the tungstate and mix, and then add the acid slowly while shaking 
Haden recommends using N/12 sulphunc acid instead of adding the 
water and % normal sulphuric acid sep irately If this method is 
used the volume of N/12 sulphunc acid should equal eight times the 
volume of blood or sodium tungstate used or the sum of the figures 
for distilled water and acid as given in the table The acid is added 
before the tungstate in this technic It saves one measurement but 
there is somewhat more danger of having to refilter to secure a clear 
filtrate Cork the flask, shake it vigorously, and let it stand 10 or 
15 minutes The precipitate should become brownish red and almost 
no foam should form on shaking If these conditions are not met, add 
a little 10 per cent sulphunc acid a drop at a time and shake vigorously 
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laboratory diagnosis 


The mixture should not become more than faintly acid to congo red 
paper 

nitrite may be prepared from plasma or scrum 1 if treated as follows 
use one half quantity of tungstate and of ££ normal sulphuric acid 
and increase the w atcr to correspond , c g , for 5 cc of plasma use 
40 cc of water and 2 5 cc each of tungstate and acid Remember that 
normal values for plasma and whole blood arc different 

Filter, using a small retentive filter paper Whatman No 2 filter 
paper is recommended If the filtrate is not clear and colorless, 
pour it bach once or twice onto the fitter to see whether it will become 
dear If unsuccessful, return the precipitate and filtrate to the flask, 
treat with more acid and filter 


(c) Recoils — (1) Two thirds normal sulphuric acid is prepared by diluUng ico 
cc of N/i acid with 50 cc of distilled water One twelfth normal sulphunc aad 
may be prepared by accurate dilution of N/r acid 

(a) Sodium tungstate solution (to per cent) C P sodium tungstate should be 
used and it should go into solution readily The reagent must be tested for excess 
of carbonate as follow s titrate 5 cc with normal sulphunc acid using methyl 
orange, until the yellow color changes to a slightly reddish yellow , between 3 ard 
3 3 cc should be required If the titration is greater, add twice normal acid 
made by diluting 11 5 cc of C P sulphunc aad (0 200 cc , in sufficient amount to 
the whole stock, of tungstate solution to bring the alkalinity down to the proper 
limits and titrate again Also test the tungstate against blood and % normal or 
N/12 sulphunc acid, no additional aad should he required to produce complete 
precipitation 

2 The Zinc Filtrate for True Sugar Estimation (Somogyi) — To 3 cc of oxa 
lated venous blood in an Erlenmeyer flask add 16 cc of solution I, mix until dear, 
and add 2 cc of solution II Shake thoroughly, allow to stand a few minutes and 
filter or centrifugate Use the dear filtrate or supernatant liquid for the blood 
sugar estimation by any of the methods gi\ en The values will be true sugar and 
will average about 21 mg lower than the sugar estimations on the Ungstatc 6! 
trates the difference being due to non dextrose reducing substances wl ich are not 
removed by the tungstate 

(a) Reagents —Solution I Dissolve 12 3 gm of zinc sulphate (ZnSOi 7 HiO) “ 
water Add 31 cc of N/x sulphuric acid and dilute to r liter 

Solution II Dissolve >!e m ol sodium tungstate m 75 « of W* sod “” 
hydroxide and dilute to 100 cc It should require 3 35 to 3 4 cc of solution II to 
neutralize 25 cc of solution I to phenolpbthalein 


E Determinations on Protein free Filtrates of Blood, Plasma, 
or Serum — 1 Non -protein Nitrogen of Blood — Results of tms 
test almost parallel at a higher level the blood urea nitrogen tvbch 


1 1 reparation of a filtrate from unlaked fciood (Folm) rs not recommended •? rtp«t 
neither plasma, nor whole blood values but values for an unmeasured volume ol p 
The great variations m cell volume are not considered in this method 
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yields the same information and is more easily determined Another 
disadvantage is that the non protein nitrogen method determines 
several substances, all of which may vary individually , while the urea 
method determines a single substance 

(a) Principle —This is exactly the same as for the total nitrogen of urine (p 
367 ) 

(b) Technic — Proceed exactly as directed for total nitrogen in 
unne, except that 10 cc of blood filtrate is used instead of urine 

Calculation Subtract the cc of sodium hydroxide used for titration 
from the cc of acid taken, then deduct the control for nitrogen in 
reagents Multiply this by 20 (ic , 00002 X 100 X 1000) if N/70 
solutions were used The result is mg of total non protein nitrogen 
per 100 cc of blood 

If the Nessienzation method is used, multiply the mg of nitrogen 
in the blood filtrate used by 100 to get the mg of nitrogen per 100 cc 
of blood since 10 cc of filtrate equals 1 cc of blood 

2 Blood “Creatinine ” — This estimation is desirable whenever 
the blood urea nitrogen is found to be above 20 mg 

(a) Principle —This is the same as for creatinine of unne (q v ) It is almost 
certain that the colot change in the picrate reagent is not due to creatinine but 
this fact does not impair the clinical value of the test 


(b) Technic — Measure exactly 10 cc of protein free filtrate into 
an S by 1 inch test-tube Into another tube, measure exactly 5 cc 
of standard creatinine solution, add 5 cc of N/10 sodium hydroxide 
and 10 cc of distilled water Now add the picrate reagent to both 
tubes, 5 cc to the blood filtrate and 10 cc to the standard, and mix 
After 8 minutes start the color comparison, setting the standard at 20 
mm , and finish the readings within 15 minutes after adding the reagent 
« , , 4 M m standard (1 e , 20) v , * 

Calculation Mminrkno™ X i 5 * = mg of creatinine in 


ioo cc of blood 

If the estimation is high, repeat as above but use 5 cc of filtrate 
plus s cc of water, or use a standard of double strength, 10 cc of 
creatinine solution plus 10 cc of N/10 sodium hydroxide plus picrate 
reagent, in either case use 3 instead of 1 5 in calculating 


(c) Reagents — (1) Picrate reagent Make this fresh for each estimation Mix 
rs cc of saturated picric acid solution with 3 cc of dear 10 per cent sodium hydrox 

* rive cubic centimeters of standard creatinine solution is equivalent to 003 mg of 
creatinine The standard is one half as strong as the unknown (30 cc 15 cc ) and filtrate 
equivalent to 1 cc of blood is taken for estimation Therefore the derivation of the figure 
for calculation is 003 divided by a times 100 equals 15 D 
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ide (exactly 2 5 times N/i) Use the best grade of picric acid and prepare the 
saturated solution as directed under unne creatinine 

(2) Standard creatinine Estimate accurately the creatinine content (see 
p 371) of normal unne that has stood a week or more after having been acid 
ificd with about 4 cc C P hydrochloric acid for zoo cc The creatinine con 
tent is constant for a long time Calculate the amount of urine that contains 
o 6 mg of creatinine Measure this amount accurately with a pipette marked for 
0 ot cc into a 100 cc ■volumetric flask, add 30 cc of N/5 hydrochloric aad, dilute 
to the mark with distilled water, mix and add toluol Make this dilute standard 
every few months 

It is preferable to use pure creatinine dissolve exactly o 1 gm of pure creatinine 
in 80 cc of N/ 10 hydrochloric acid m a 100 cc volumetric flask and make up to the 
mark with distilled water tor the dilute standard, dilute exactly o 6 cc of this 
with N/10 hydrochloric acid to 100 cc in a volumetric flask 5 cc of the dilute 
standard contains o 03 mg of creatinine 

3 Blood Uric Acid (as modified by Haskins and Holbrook 1 ) — For this estima 
tion it is quite important that the sodium tungstate be adjusted to correspond to 
the 2/3 normal acid so that the blood filtrate shall not be strongly aad, otherwise 
some uric acid may be preapitatcd with the protein It is advisable to test the 
tungstate and acid against oxalated blood Add a drop of methyl orange solution 
to a few cc of the protein free filtrate, there must be no tinge of red in the color 
indicating that the pH is 4 5 or more Loss of unc aad is thus avoided 

Of all the numerous changes of Folin s unc acid method that have been proposed 
only two seem valuable (t) direct estimation as suggested by Benedict* (Folm* 
has accepted this change), and (2) preapitation by zinc chlonde as suggested by 
Morns * The recommended method as given below is an adaptation of these three 
methods which has proved dependable 

(a) Direct Estimation Method (Folm Benedict) — (1) Fnnciple Unc acid 
reduces phosphotungstic acid solution quantitatively with the formation of a blue 
color which can be estimated colonmetncally The lithium sulphate tends to 
prevent turbidity The cyanide intensifies the blue color and thus makes the 
method more sensitive 

(2) Technic Have a boiling bath ready Measure exactly 5 cc of blood fil 
trate and exactly o 5 cc of modified standard unc acid solution into a test tube 
Into a second tube measure exactly 1 cc of modified standard unc aad solution 
and 4 s cc of water Now add to each of the tubes 3 drops of so per cent lithium 
sulphate solution and 2 cc of sodium cyanide solution (Caution 1 Poison 4 1 ) Add 
last directly to the liquid so that it docs not flow down the wall, 1 cc of unc aci 
reagent Mix and after standing 2 minutes heat in the bath exactly 2 minutes 
Cool at once under the tap to room temperature dilute without delay to 2 S cc 
and mix Estimate at once, setting the standard which is in the second tube at 


•Haskins H D , and Holbrook W P Blood Unc Acid ComparaUve Results by Three 
Methods and Technic Necessary for Accurate Estimation J Lab and Cun J ' 

377 * Benedict S 9 R The Determination of Unc Acid in Blood J Biol Chem St l8 ?' 
207 (March) 1022 

* Folin O and Wu H A System of Blood Analysis J Biol Chem 38 81-no iiuay; 


4 Morns, J L , and Macleod A G Colorimetric Determination of Unc Acid J Bio! 

Chem s° ss-63 (Jan ) 1922 
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20 mm lhc readings must come between 10 and 40 mm If below 10 mm 
repeat the estimation using 2 5 cc of filtrate and 2 5 cc of water, and multiply 

the calculated results by 2 Calculation unkno w n X 4 ) mmus 2 = m S of 

uric acid in 100 cc of blood 

Note 1 If an estimation above normal is expected either run 3 tubes the third 
tube having 5 cc of blood filtrate without added unc acid but o 5 cc of water 
instead or else run the ■» tubes as abo\e except that water is added to the first tube 
instead of uric acid If unc acid is not added the 2 mg must not be deducted 
during the calculation 

The addition of known uric acid to the unknown is a modification by Haskins 
and Holbrook which gives very good results if the estimation is not above 4 mg If 
the result is above normal do a check method 

Note 2 The direct method is most generally used at present There is some 
evidence that in certain cases this estimation is too high because of the presence of 
substances other than uric acid that give a blue color with the reagents It is 
possible that Folm s new improved unc acid reagent 1 which is freed of molybdenum 
may give accurate direct estimations Until this has been determined it is safer to 
repeat the estimation using the zinc chlonde check method when the result is 
above normal by the direct method 

(3) Reagents (a) Folm s unc acid reagent Dissolve 50 gm of C F sodium 
tungstate in 350 cc of distilled water add4occ of 8s per cent phosphonc acid, and 
heat the flask having a reflux tube attached Boil for 2 hours, cool and dilute to 
500 cc 

Note Tolin s new improved reagent is not easily prepared Those who are not 
chemists should not try to make the reagent but purchase it 

(b) Folm s sodium cyanide solution (Caution 1 Poison') Dissolve 15 grams of 
purest sodium cy anide in 100 cc of h/10 sodium hydroxide Impunties cause the 
fresh solution to giv c considerable blue color interfering with the estimation After 
about 2 weeks the solution gives little color When 2 or 3 months old it should be 
discarded since NHi is produced which makes it inefficient or else purified by 
aeration Very old solutions give an improper type of blue color The best plan 
is to make a small quantity of solution every month 

(c) Folm s standard uric acid solutions (a) Stock Solution Dissolve o 3 
grams of lithium carbonate in 60 cc of hot distilled water filter off any undissolved 
impurity and add 30 cc of water and warm to 65 C Warm a 500 cc measuring 
flask with hot water pour into it exactly o 5 gram of pure unc acid and then the hot 
lithium carbonate solution rinsing the weighing beaker and the funnel with the 
latter Shake until the unc acid is dissolved then cool under the tap and add 
300 cc of water Add 5 cc of Merck s formaldehyde and mu Add a cooled 
dilution of 7 s cc of C P sulphuric acid in 50 cc of water Dilute with water to 
the mark and mix well This stock solution keeps well (b) Modified standard 
(Ilaskms) mix exactlv 2 cc of stock solution 50 cc of water see of 3/3 normal 
sulphuric acid and o s cc of formalin in a 100 cc volumetric flask and fill to the 
mark This is 5 times as strong as Folm s dilute standard Make the solution 
each month 


* F ,°!V n P and Trimble II A System of Blood Analysw Improvements In the Quality 
and Method of Preparing the Unc Acid Reagent J Biol Chem 60 473-479 (June) 192/ 
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(b) Zmc Chloride Check Method (Morns, modified by Haskins and Holbrook) — 
This method is less expensive and as accurate as Tohn’s silver lactate method 

(1) Principle Unc acid is precipitated in combination with zinc and is separa 
ted by centrifugation Unc acid is set free by an acid chlonde solution (HC 1 NaCl) 
and the rest of the estimation 13 the same as in the direct method 

(a) Technic To exactly 5 cc of blood filtrate in a centnfugc tube add 2 cc of 
water, exactly o 4 cc of x per cent zinc chlonde solution, and o 7 cc of 2 per cent 
sodium carbonate solution made from anhydrous sodium carbonate Stir with a 
rod, then rinse the rod with a few drops of water Alter standing 5 minutes , balance 
with another tube and centrifugate for 3 minutes Discard the supernatant fluid 
To the precipitate add 1 cc of Tolin’s hvdrochlonc acid sodium chlonde reagent 
and stir with a rod Dilute with 4 cc of water and stir until all is dissolved, nose 
the rod Drain the liquid into a test tube labelled 1, and add exactly o 5 cc of 
modified standard unc acid solution Into another test tube labelled 2, measure 
4 s cc of water and exactly 1 cc of modified standard unc acid solution Into each 
tube put 3 drops of 20 per cent lithium sulphate 2 cc of sodium c> anide and t cc. 
of uric acid reagent, as above Mix, after 2 minutes heat m the bath for 2 minutes 
cool, dilute to 25 cc and mix Estimate with the colorimeter and calculate as in 
the direct estimation If the estimation is high, it is not necessary to add unc acid 
to the unknown 

(3) Reagents (a) Zinc chlonde reagent Make this frequently by 1 m xo 
dilution of a 10 per cent stock solution which has been allowed to settle clear 

(b) Hydrochlonc acid sodium chlonde solution Dissolve 10 grams of sodium 
chlonde m 100 cc of >«/io hjdrochlonc acid 

4 Blood Sugar— The Shaffer-Hartman method as modified by 
Haskins and Holbrook is recommended 

(a) Modified Shaffer Hartman Method — (1) Pnnaple This is identical with 
that for the unne sugar method 

(2) Technic Proceed exactly as directed for unne sugar on page 
372 except that 5 cc of protein free filtrate is used instead of the dilute 
unne Use the zmc filtrate on page 386 if true sugar values are desired 

Calculation In Table 18 find the per cent of dextrose opposite the 
cc of sodium thiosulphate used for titration in column B 

If the blood sugar content is very high, use 2 5 cc of filtrate and 
2 s cc of distilled \\ ater and multiply the per cent figure by 2 

(b) Volin's 1 Revised Colorimetric Method — This is a satisfactory 
method but the blue color is not directly proportional to the concentra 
tion of dextrose so that errors are introduced if the concentration o 
dextrose m the blood differs widely from the concentration in the 
standard This may be overcome by dilution 

(1) Pnnaple Copper sulphate in alkaline solution is reduced by dextrose and 
other reducing substances to cuprous oxide m quantitative amounts This w en 

» Folin O Two Revised Copper Methods for Blood Sugar DetenmnaUon J Biol 
Cbem , 8a 83-93 (Apnl) igag 
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sulphuric acid (10 cc of C P acid plus 30 cc of water) and 20 cc of glacial acetic 
acid (99 per cent) Mix well Mate fresh once a week The reagent will keep 
better if the sodium molybdate solution is treated with bromine before adding the 
acid solutions (see the original article) 

(c) Stock solutions of dextrose (1) Dissolve exactly 5 gm of C P anhydrous 
dextrose (e g , Pfanstiehl's) in 500 cc of saturated benzoic acid solution (saturated 
benzoic acid is prepared by dissolving 2 5 grams in 1 liter of boiling distilled water) 
(2) Dilute exactly 20 cc of (1) to 100 cc in 2 volumetric flask with saturated benzoic 
acid solution Both stock solutions keep indefinitely Saturate with toluol 

(d) Standard dextrose solutions (A) Dilute exactly 5 cc of stock solution (2) 
toroocc in a volumetric flask with distilled water (B)Dilutescc of(2)t0 5occ 
»n a volumetric flask with distilled water Add toluol to both A and B A contains 
o x mg and B o 3 mg per cc Prepare these dilute solutions each week 

(c) Fohn’s 1 Mtcro blood Sugar Method — When it is impossible or inadvisable 
to draw venous blood as in children, nervous patients or those having small veins 
this method may be resorted to It can be used for sugar estimation on venous 
blood when there is a shortage of blood as the results are practically identical 
with those by the Shaffer Hartman or Folm Wu methods 

After a fasting period, as before breakfast finger blood and venous blood show 
the same content of dextrose, at other times, particularly during periods of absorp 
tion of carbohydrates, the finger blood may have a higher content than \enous 
blood If used for the dextrose tolerance test, the curves for normals and for 
diabetics need to be determined for finger blood samples, since these will undoubt 
edly be somewhat different from those for venous blood 

Drawing the blood wash the finger with very warm water, wipe dry, and at 
once massage it with a stripping motion toward the tip, while the finger 15 wrell 
congested make a vigorous stab with the lancet and collect the blood m a watch 
glass Quickly measure the o 1 cc required with the micropipette 

(1) Principle The sugar is oxidized by alkaline potassium fem cyanide the 
latter being reduced to ferrocj amcle 1 he ferrocyamde >s con\ erted quantitatively 
into Prussian blue and this is estimated colonmetncally 

(2) Technic First measure $ cc of o 4 per cent sodium tungstate and 5 cc 
of N/37 5 sulphuric acid into a 15 cc centrifuge tube Now measure accurately 
0 1 cc of blood and deliver it to the lower part of the tube draw up clear liquid into 
the pipette twice, and finally blow through the pipette Stir the liquid with a rod 
but do not nnse it After 10 minutes’ standing centrifugate for 3 to 5 minutes 
Decant the dear liquid into a clean dry test tube, there should be enough for 2 


estimations 

Prepare 2 test tubes Into A measure exactly 4 cc of the protein free blood 
extract, into B exactly 4 cc of dilute dextrose standard, add to both tubes exactly 
1 Cc (2 cc if a high estimation is expected) of femcyaiude reagent, 1 cc of sodium 
cyanide carbonate reagent and mix Plug the tubes with cotton and put them in a 
boiling water bath After 8 minutes, cool the tubes, add to each 3 cc of tne act 
feme iron reagent, flowing it down the wall of the tube slowly to prevent excessive 
foaming and mix gently After 5 minutes transfer to 25 cc flasks or gra uates 
nnse the tubes with water and dilute to the 2 5 cc mark and mix Compare in the 
iFohn, O A New Blood Sugar Method J Biol Chem 77 421-430 IM»J> d 
Folm O The Micro Method for the Determination of Blood Sugar New England 
J Med 206 727“729 (Apnl 7) 1932 
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onmetei, setting the standard at 20 mm , make several readings The readings 
itild be between 13 and 30 mm for accurate estimations (see note 2) 

Mm standard . . - , . . , ui a 

Calculation bloo d" * 100 ~ mg of dextlose P er 100 00 °* falood 

Notes (1) The plungers and cups of the colorimeter must be very clean before 
mg used Use dilute sodium hydroxide occasionally for more effective cleaning 

(2) If the blood gives too pale a color resulting in a reading above 30 mm , run 
.other estimation, using a more dilute standard consisting of 2 cc of dilute dex 
ise plus 2 cc of water in tube B Divide the calculated results by 2 If the 
ood gives a too intense blue color resulting in a reading below 13 mm run another 
timation, using 2 cc of the protein free fluid plus 2 cc of water without changing 
e standard Multiply the calculated result by 2 

(3) The micropipette may be calibrated as described on page 329 or by filling 
to the mark with mercury and emptying into a weighed beaker the weight of the 
ercury should be 1 355 grams at room temperature 

The pipette must be kept very clean Wash it thoroughly as soon as possible 
ter measuring the blood and use hot cleaning fluid in it frequently 

(4) Folin states that with low estimations the character of the color may be 
long because of the amount of yellow ferncyanide left unchanged This may 
e compensated by adding ferncyanide reagent to the standard a drop at a time and 
>rapanng with the blood mixture in the graduate before dilution, but more than 
cc of reagent should not be used 

(3) Reagents (a) o 4 per cent sodium tungstate Dilute 20 cc of 10 per cent 
idtum tungstate solution to 500 cc and add toluol 

(b) N/37 s sulphuric acid Dilute 20 cc of % normal sulphuric acid to 500 
c and add toluol 

Note These two separate solutions seem better than the one mixed reagent 
uggested by Folio 

(c) Potassium ferncyanide reagent Dissolve exactly 1 gram of C P potassium 
erncyanide in water and dilute to 250 cc in a volumetnc flask Keep the solution 
1 the dark in a brown bottle The ferncyanide must be the purest obtainable 
Merck s or Baker s is satisfactory) and must be free of fenoeyamde Other 
amples of ferncyanide must be tested for the presence of ferrocyamde 

(d) \cid feme iron solution This contains a protective colloid to prevent 
irecipitation of the Prussian blue Tut 5 grams of finely powdered Eimer and 
\mend s soluble gum ghatti in an Erlenmeyer flask add 250 cc of distilled water 
>nd shake occasionally After 2 to 4 hours when most of the gum has dissolved 
it rain through a cloth Dissolv e 1 25 grams of feme sulphate (?H t O) or o 9 grams 
>f the anhydrous lemc sulphate in a mixture of 25 cc of water and 19 cc of 85 per 
:ent phosphonc acid by warming Cool the solution and mix it with the gum 
jhatti Disregard the slight turbidity Now oxidize impunties by adding con 
;entratcd potassium permanganate solution a few drops at a time until the pink 
:ofor remains for at least 10 minutes Tolin used 3 7 cc of 1 per cent potassium 
permanganate for 5 grams of gum ghatti Keep in a 37 0 incubator for a few days 
until the turbidity has disappeared When the reagent deteriorates so that the 
Prussian blue tends to precipitate during the colorimetric estimation make up a 
fresh batch of reagent 
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(e) Sodium cyanide carbonate reagent Dissolve 4 grams of anhydrous sodium 
carbonate in 50 cc of distilled water in a 250 cc flask Dissolve o 75 grams of 
sodium cyanide (Merck’s) in 100 cc of water and add it to the carbonate Dilute 
to the mark and mix 

(f) Dextrose solutions A Dissolve exactly 1 gram of C P anhydrous dex 
trose (e g , Ffanstiehl's) m exactly 500 cc of saturated benzoic acid solution (this 
is made by dissolving 2 5 grams in 1 liter of hot distilled water) 

B Dilute dextrose standard Measure exactly 2 5 cc of A into a 500 cc. volu 
metric flask, add 50 cc Of saturated benzoic acid solution and dilute to the mark 
with distilled water Keep the solutions m glass stoppered bottles Saturate them 
with toluol 

5 Dextrose Tolerance Test (Janney and Isaacson 1 ) — This 
test is not indicated if the fasting blood sugar is above 150 mg per 
100 cc 


(a) Principle — An excess of dextrose is ingested when the stomach is empty 
and the changes in the blood sugar level are noted by frequent blood sugar eshma 
tions The time when dextrose appears in the unne is also noted to determine the 
renal threshold for dextrose If the dextrose is not being properly oxidized or if the 
renal threshold for dextrose is abnormal the type of curve will vary from the nor 
mal 


(b) Technic — Allow no food after 7PM In the morning draw 
blood for fasting blood sugar determination Have the patient take 
rapidly 1 75 grams per kilogram of body weight of pure dextrose (the 
commercial grade is not satisfactory) in a cooled 40 per cent solution to 
which the juice of one lemon has been added Have the patient void 
unne at once and test for reduction Then, if negative, test at 15 min- 
ute intervals till positive or till the end of the test is reached Estimate 
the blood sugar on blood drawn one half hour, one hour, and 2 hours 
after giving dextrose If the blood sugar is above 120 mg at the end 
of 2 hours, estimate again at the end of 3 hours 

There are many modifications of this test Some use 50 or 100 
grams of dextrose Bnll 2 has suggested a test breakfast, containing 
carbohydrate, which is satisfactory The dextrose may be made into 
candy as suggested by Haskins, thus making it more palatable The 
time periods are also varied The important thing is to use the same 
technic on all patients so that one becomes familiar with the results 
by the technic used Delay in absorption may give rise to error, hence 
in cases with marked gastrointestinal disturbances the test sbou 
be deferred 


‘Janney N W and Isaacson, V I A Blood Sugar Tolerance Test Proc Soc Exp 

Bril r C The MmSi I No’imlMral upon the Mood uilth and 
in Certain Conditions of Disease J Lab and Clin Med 8 7*7 73 ’ £u 
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Normal findings The fasting blood sugar is normal The highest 
blood sugar is at the end of the first half hour and is usually not over 
150 mg and the blood sugar is back to normal at the end of two hours 
Glycosuria does not occur unless the blood sugar reaches 125 to 225 mg 
(true sugar, 105 to 200 mg), in other words, the renal threshold is 
normal 

6 One Hour Two Dose Dextrose Tolerance Test (Exton and 
Rose as modified by Gould 1 ) —This test is not indicated if the fasting 
blood sugar is above 150 mg 

(a) Principle — The purpose is the same as in the previous test 
but this test has proved simpler and more efficient for the detection of 
diabetes mellitus 

(b) Technic — Have the patient come to the laboratory in the 
morning without eating breakfast Dissolve 1 75 gm of dextrose per 
kilo of body weight m water to make a 40 per cent solution and add 
the juice of one lemon Take a first specimen of blood and of urine 
and administer one half of the dextrose solution at once Take another 
specimen of blood and urine in exactly 30 minutes and give the other 
half of the dextrose solution at once Take another specimen of blood 
and urine one hour after the first specimen Do quantitative sugar 
determinations by the modified Shaffer Hartman or Folm Wu technic 
on the blood specimens and test the urine specimens for reduction 

7 Blood Chlorides (Whitehorn 2 ) — This method is applicable 
to filtrate of either whole blood or blood plasma 


(a) Principle — The chlorides are precipitated from the Folin blood filtrate by 
means of standard silver nitrate in the presence of mtnc acid and the excess of silver 
is titrated with standard thiocyanate solution using feme alum as an indicator 


(b) Technic — To exactly 10 cc of pTOtein free filtrate add about 
5 cc of CJ> nitric acid ( chloride free ) and exactl> 5 cc of standard stiver 
nitrate solution After mixing let it stand 5 minutes or more until 
the precipitate clumps together Then add about o 3 grams of pow 
dered Jcrrtc alum crystals and titrate with standard thiocyanate solution, 
cautiously, yet not too slowly, until a slight but definite reddish tinge 
is obtained and remains more than 15 seconds in spite of vigorous 
mixing 


1 Gould S E The One Hour Two Dose Glucose Tolerance Test Am J Clin Path 
7 474-481 (Nov) 1037 

Sweeney J S Muirhead J J and Allday L E Observations on the One Hour Two 
Dose Dextrose Tolerance Test Am J Clin lath 7 482-489 (Nov ) 1037 

* Whitehorn J C Simplified Method for the Determination of Chlorides in Blood or 
Pksma (Supplement to Folm s System of Blood Analysis) J Biol Chem 45 449-460 
(Feb ) iQit 
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Calculation (Five minus the cc used for titration) times ioo' equals 
mg of chlorine and this figure times i 65 equals mg of sodium chloride 
in 100 cc of blood Results are usually reported as sodium chloride 

(c) Reagents — (1) Standard silver nitrate solution Dissolve 4 791 grams of 
C P silver nitrate in distilled water in a 1 liter volumetric flask and dilute to the 
mark Mix and keep in a brown bottle 

(2) Standard thiocyanate solution Dissolve 3 grams of potassium thiocyanate 
(2 s grams of sodium thiocyanate or 2 4 grams of ammonium thiocyanate) in 1 liter 
of distilled water and mix Titrate 5 cc portions of the silver nitrate solution (as 
above using nitric acid and feme alum) Dilute the thiocyanate solution so 
that 1 cc equals 1 cc of silver nitrate solution 

Notes (1) Test the reagents for the presence of chlonne None is present in 
C P sodium tungstate and nitnc acid 

(a) Avoid excess of oxalate as anticoagulant as it will interfere with the ferric 
thiocyanate reaction 


F Determinations on Plasma or Serum — x Alkali Reserve 
Estimation —This test, often called the carbon dioxide combining 
power of the plasma, is the most important test available for the detec 
tion of acidosis or alkalosis The titration technic is so much simpler 
than the gasometnc method that it is hard to understand yihy the 
latter is still used 

(a) Titration Method (Van Slyke 1 2 as modified by Haskins and 
Osgood 3 ) — -This is one of the simplest and most important of all 
blood chemistry determinations 

(1) Principle The bicarbonate of 2 cc of plasma is decomposed by 5 cc of 
N/ 50 hydrochloric acid The excess of acid is titrated with N/ 50 sodium hydroxide 
to a pH of 7 4 The cc of acid combined with the bicarbonate (cc of acid taken 
less cc of alkali used for titration) multiplied by 224, gives the alkali reserve 
figure 4 * * 


(2) Technic Either blood plasma or serum may be used Cen 
tnfugate the blood as soon as possible draw off the plasma or serum 
and place it in the icebox in a tightly corked test tube unless the estima 
tion is to be done immediately Some draw the blood and keep it 


x One cubic centimeter of standard silver nitrate solution equals i cc of standard thio- 
cyanate solution and is equivalent to i mg of chlorine . „ . V7TT 4 

* Van Slyke D D Stillman E and Cullen G E Studies of Acidosis XIII A 

Method for Titrating the Bicarbonate Content of the Plasma J Biol Cn 3 7 

1 8 *H?sfins 9 H D and Osgood E E Modifications of Van Slyke's TittatoM Method for 

Estimating the Alkali Reserve of Blood J Lab and Clin Med 6 

* The alkali reserve figure is the cc of dry carbon dioxide (measured t 7 

mm ) which can be held in chemical combination excluding dissolved ■®‘jbon 7 

ioo cc of plasma after exposure to an atmospbpre containing $ s P er cen * c 

(alveolar air) at 20 C 
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under a layer of mineral oil to lessen the change due to exposure to 
air The plasma or serum keeps well in the icebox 

Measure exactl> 2 cc of plasma into a Florence flask, not the titra 
tion flask Add exactly 5 cc of N/50 h>drochlonc acid and one drop 
of capryhc alcohol, then rotate the flask for 1 or 2 minutes so as to spread 
the mixture ui a thin film on the wall Pour the liquid into a small 
Pyrex flask of the same size and shape as that containing the standard 
and wash the rest into it using 3 rinsings totalling 20 cc of distilled 
water Add o 3 cc of indicator and titrate with carbonate free N/50 
sodium hydroxide until the color matches the turbid standard, adding 
at the last, single o 02 cc drops from a fine tip Make the color com 
panson by reflected light with both flasks standing on a white surface 
When an exact match is secured, read the burette If the right end 
point has been reached, the addition of another drop will make the 
plasma mixture slightly too yellowish Always carry the titration to 
this point Check the alkali once a day by adding another 5 cc of 
N/50 hydrochloric acid to the titrated mixture and titrating back to the 
same endpoint Wash the flask at once to prevent deposit of neutral 
red Ammonia will remo\ e such a deposit Always keep a test tube 
over the top of the burette to exclude carbon dioxide 

Calculation Deduct the cc of sodium hydroxide used from the 
titration value of 5 cc of the N/50 hydrochloric acid, then multiply 
by 22 4 The result is the alkali reserve figure, which agrees within 
1 5 points with the figure obtained by Van Slyke’s gasometnc method 

(3) Reagents (a) Permanent standards These may be purchased from the 
Shaw Surgical Company, Portland, Oregon, or they may be made as follows 
Prepare buffer phosphate solution with a pH of 6 8 paramtrophenol solution and 
amaranth solution The buffer phosphate solution is made by mixing equal 
\olumcs of exactly M/x$ monohydrogen and dihydrogen phosphate The para 
mtrophenol solution is made by dissolving 20 mg m 10 cc of 95 per cent alcohol 
and diluting with water to too cc The amaranth solution is made by dissolving 
8 mg in 100 cc of water The buffer phosphate solution of a pH of 7 4 is made b> 
adding 21 o cc of M/15 dthydrogen sodium phosphate to 790 cc of M/xj mono 
hidrogen phosphate Tlace 60 cc of the buffer phosphate solution having a pH 
of 7 4 in a 1 20 cc Pyrex Erlcnmey er flask and add o 6 cc of the neutral red solution 
In a similar flask place 60 cc of buffer phosphate having a pH of 6 8 add 5 2 cc of 
the paramtrophenol solution and add the amaranth solution a little at a time until 
the color matches that m the first flask \\ ith most lots of amaranth this requires 
56 cc Tut 30 cc of this standard mto each of two 120 cc Pyrex Erlenmeter 
flasks and add o 2 cc of 10 per cent thymol in chloroform to each Keep one as a 
dear standard To the other add 20 mg of corn starch powder, this is the turbid 
standard Seal the corks with paraffin They are permanent but do not expose 
them to strong sunlight 
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(b) Neutral red Dissolve 65 mg (Kahlbaum or National Aniline Co) m 
too cc of so per cent alcohol 

(c) N/so hydrochlonc acid Prepare once in 2 months by diluting so cc of 
exactly N/10 acid to 250 cc Add chloroform as a preservative Determine the 
titration value against the N/50 sodium hydroxide as follows To a mixture of 
20 cc of water, o 3 cc of neutral red, and 1 cc of 005 per cent di sodium pbos 
phate add N/50 hydrochlonc acid a small drop at a time, until the color matches 
the dear standard Now add 5 cc of N/50 hydrochlonc acid and titrate This 
titration should require 4 95 to 5 05 cc of N/50 sodium hydroxide A still better 
method of standardizing the alkali is to add the 5 cc of acid at the completion of a 
titration of plasma and titrate back to the same end point 

(d) N/50 sodium hydroxide, free of carbonate Boil a liter of distilled water 
for 2 minutes, cork loosely and cool rapidly Add 1 2 cc of clear 65 per cent sodium 
hydroxide and mix well Keep the flask tightly corked Titrate $ cc portions of 
N/50 hydrochlonc acid as directed for titration value of hydrochlonc acid Keep 
the burette covered with a test tube Dilute the sodium hydroxide with the 
proper amount of recently boiled water to make the titration just 5 cc Mix and 
recheck Put 25 cc portions into a large number of 50 cc Tyrex flasks, cork each 
at once and seal the corks with hot paraffin Use the sodium hydroxide from one 
flask for only one dav I or large laboratones it is more convenient to keep the 
N/50 sodium hydroxide in a large P> rex flask fitted w ith a soda lime tube to prevent 
ingress of COj and a siphon tube of Pyrex glass for filling the burette 

(b) Gasometnc Method (Van Slyke and Cullen 1 ) — This is still used by some but 
for clinical purposes the titration method is preferable The newer manometnc 
method nrst described by Van Slyke and Neill* in\o!ves the use of a more expensive 
apparatus but gives more accurate results Manometnc methods are available 
for a great many substances 1 but they are too difficult for clinical use although of 
great value in research 

(1) Principle Blood plasma is shaken with air the carbon dioxide tension of 
which approximates that of normal artenal blood by which treatment it combines 
with as much carbon dioxide as it is able to hold under normal tension A known 
quantity is then measured into the apparatus treated with acid and subjected to 
a partial vacuum The carbon dioxide 15 thus liberated and is measured after being 
placed under atmospheric pressure The volume corresponding to roo cc of plasma 
is then calculated and corrected for physically dissoh ed gas 

(2) Technic Centrifugate the oxalated blood as soon as possible and keep the 
plasma cold The estimation is more accurate if a layer of mineral oil protects t e 
blood until the plasma is drawn off Put about 3 cc of plasma into a separating 
funnel Blow normal alveolar air (last of expired air) through a bottle 61 e 
with broken glass which is connected with the stem of the funnel and through the 
funnel while it is lying on the table Close the cock and cork the funnel Shake 
with a rotary motion for 2 minutes The plasma takes up carbon dioxide until it is 


‘Van Slyke D D and Cullm G E Studies on Acidosis The Bicarbonate Concen 
tration of the Blood Plasma Its Significance and its Determination as a Measure ot c 
51s 3 Biol Chem 30 280-368 (June) 10x7 . „ 

* Van Slyke D 1 ) and NejlJ J M Tbe Determination of Gases in Blood and Other 

Solutions by Vacuum Fxtraction and Manometnc Measurements J Bio i cnem 

S,3 *Peters CP J P^and Van Slyke D D Quantitative CUmeal Chemistry Vo! H 
W illiatns and \\ ilkins Baltimore 1931 
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in equilibrium with the enclosed air which contains about 5 5 per cent carbon 
dioxide 

The cup at the top of the \ an Slyke apparatus must be free of acid and carbonate 
before the estimation is started The mercur> reserv oir is set in the upper nng 
which is so placed that mercury fills the burette both passages in the cock and also 
the capillar> tube at the base of the cup Close the cock Moisten the entire 
wall of the cup b\ flowing in o t to o 15 CC of 1 per cent carbonate free ammonium 



Tic is — Van Sljke apparatus 1 Cup for introducing plasmas and reagents 2 
Microburette for measuring COj 3 Chamber for confining liquid while COj is being 
measured 4 Reservoir of mercury 

hydroxide and let it drain down The plasma is to be delivered below this layer of 
ammonia 

Measure exactlj 1 cc of plasma with a pipette that delivers 1 cc when drained 
between two marks into the cup, being sure to dip the tip below the ammonia 
before allowing the plasma to run out Do not allow expired air to reach the cup 
Lower the reservoir somewhat open the cock cautiouslj and let the liquid flow 
slowlj into the burette of the apparatus but leave the capillar} full, and finall> close 
the cock Use about 0 $ cc of distilled water to nnse the cup, draw this into the 


400 


LABORATORY DIAGNOSIS 


burette, and in a like manner use another o 5 cc of water Add a small drop of 
capryltc alcohol (002 cc is enough) and draw it just into the capillary so that it 
cannot float when the next solution is added Add about 0 5 cc of 5 per cent sul 
phurtc actd, and draw in enough to bring the mercury level about to the 2 5 cc 
mark Put mercury in the cup and let it pass down to fill the capillary and the 
passage m the cock and then dose the latter Add to the cup a little ammonia and 
water, then draw off the liquid with a pipette 

Lower the reservoir enough to allow the mercury to sink just to the 50 cc mark 
and close the lower cock Carefully lift the apparatus off the supports, and turn it 
upside down at least 15 times or connect it with the automatic shaker so that the 
carbon dioxide of the liquid and of the partial vacuum come to an equilibrium 
Replace the apparatus, then lower the reservoir holding it in the hand until the 
level of the mercury is about 29 to 30 inches below the mercury level m the appara 
tus Open the lower cock and adjust the reservoir so that the liquid passes slowly 
into the lower bulb Close the cock when only a trace of liquid is left above it 
and no gas has passed into or below the cock 

Now turn the cock, so as to allow the mercury to pass by the left hand tube, 
raise the reservoir and hold it back of the microburette, so that the two mercury 
surfaces can be quickly brought to the same level When levelled up close the 
lower cock and make the reading at the bottom of the meniscus of the aqueous 
liquid With a magnifying glass exact readings can be made even when the 
meniscus comes between the marks The column of liquid abo\e the mercurj 
should not be more than 0 1 cc Note the temperature with a thermometer kept 
near the apparatus Read the barometer If more than 1 cc of gas is obtained 
as m alkalosis, repeat the estimation using o 5 cc of plasma, in this case multiply 
the calculated results by 2 

Empty the apparatus as follows Lower the mercury without opening the upper 
cock, turn the lower cock so that the aqueous liquid nses out of the bulb and floats 
on the mercury, then raise the reservoir and finally turn the upper cock so that the 


Table 20 — Barometric Correction 1 


Barometer 


1 Barometer 

Factor for 

Mm 

Inches 

correction 

| Mm 

Inches 

correction 

73° 

28 

75 

0 961 

i 75$ 

29 8 

0 99s 

732 

28 

8 

0 963 
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29 8 5 

0 997 

734 

1 28 

9 

0 966 

j 760 

29 9 


736 

29 

0 

0 968 j 

762 

30 0 


733 

29 

l 

0 97x 11 

764 

30 * 


740 

29 

*5 

0 974 

766 

30 *5 

1 oaS 

742 

29 

2 

0 976 

768 

30 2 

1 013 

744 

29 

3 

0 979 

770 

3° 3 

746 

29 

3S 

0 981 , 

772 

30 4 

1 *16 

748 

29 

4 

0 984 

774 

30 5 

1 018 

750 

29 

5 

0 987 

776 

3° 5s 


752 

29 

6 

0 989 jj 

778 

30 6 


7S4 

29 

7 

0 992 I 

780 

30 7 



> Reproduced by permission from the J B ol Chera 3° 283-346 (June) 19 C 7 
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Table 21 —Calculation or the Alkali Reserve* 


Cc of gas 
corrected for 

barometric 

pressure 

Cc of CO, bound as bicarbonate in 100 cc of plasma the temp of 
estimation being 

1* 

20® 

25 

3 ° 

I 

9 * 

9 9 

lo 7 

11 8 


ro 1 

10 9 

11 7 

12 6 


II 0 

it 8 

12 6 

' 13 5 


ia 0 

12 8 

13 6 

| *4 3 


13 0 

■3 ? | 

24 S 

1 15 2 

O 7$ 

*3 9 

14 7 ) 

*5 S 

| 16 1 


14 9 

IS 7 

16 4 

17 0 


Z S 9 

16 6 

*7 4 

1 18 0 


16 8 

17 6 

x8 3 

18 9 


17 8 

185 

JP 3 

jp 8 


x8 8 

*9 S 

20 2 

20 8 


19 7 

20 4 

21 I 

ai 7 

O 27 

20 7 

31 4 

22 I 

22 6 


91 7 

32 3 

23 0 

i 23 5 


22 6 

33 3 

24 O 

1 24 5 


»3 6 

34 2 

24 9 

25 4 


24 6 

35 2 

25 8 

26 3 


35 5 
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26 8 

1 n 3 

O 38 

36 5 

27 1 
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28 2 


37 S 

28 1 

28 7 

29 X 

O 40 
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30 O 
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30 O 

! 3 ° 5 
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32 8 


32 3 

32 8 
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33 8 

34 3 | 
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34 7 

35 3 1 

35 6 


35 * 

35 7 

36 2 

36 5 
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36 1 

36 6 
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37 A 


37 » 
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1 38 1 
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39 S 

40 0 
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1 40 0 
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0 56 
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0 58 
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50 0 
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5 * 9 
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0 6s 
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burette, and in a like manner use another o s cc of water Add a small drop of 
capryltc alcohol (o 02 cc is enough) and draw it just into the capillary so that it 
cannot float when the next solution is added Add about 0 5 cc of 5 per cent sul 
phurtc acid , and draw in enough to bnng the mercury level about to the 2 5 cc 
mark Put mercury in the cup and let it pass down to fill the capillary and the 
passage in the cock and then close the latter Add to the cup a little ammonia and 
water, then draw off the liquid with a pipette 

Lower the reservoir enough to allow the mercury to sink just to the 50 cc mark 
and close the lower cock Carefully lift the apparatus off the supports and turn it 
upside down at least 15 times or connect it with the automatic shaker so that the 
carbon dioxide of the liquid and of the partial vacuum come to an equilibrium 
Replace the apparatus, then lower the reservoir holding it in the hand until the 
level of the mercury is about 29 to 30 inches below the mercury level m the appara 
tus Open the lower cock and adjust the reservoir so that the liquid passes slowly 
into the lower bulb Close the cock when only a trace of liquid is left above it 
and no gas has passed into or below the cock 

Now turn the cock, so as to allow the mercury to pass by the left hand tube 
raise the reservoir and hold it back of the microburette, so that the two mercury 
surfaces can be quickly brought to the same level When levelled up close the 
lower cock and make the reading at the bottom of the meniscus of the aqueous 
liquid With a magnifying glass exact readings can be made even when the 
meniscus comes between the marks The column of Uquid above the mercury 
should not be more than o 1 cc Note the temperature with a thermometer kept 
near the apparatus Read the barometer If more than 1 cc of gas is obtained 
as in alkalosis, repeat the estimation using o 5 cc of plasma, m this case multiply 
the calculated results by 2 

Empty the apparatus as follows Lower the mercury without opening the upper 
cock turn the lower cock so that the aqueous Uquid rises out of the bulb and floats 
on the mercury, then raise the reservoir and finally tum the upper cock so that the 
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Factor for 
correction 

l Barometer 

Factor for 
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Aim 

Inches 

Mm 
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28 75 

0 961 
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0 995 

732 
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29 fi 5 
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28 9 

0 966 
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744 
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748 

29 4 j 
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29 5 1 

0 987 
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30 6 


7S4 

29 7 

0 992 

780 

30 7 



1 Reproduced by permisjion from the J B ot Che® 30 289-346 (June) 1917 
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Table 21 — Calculation of the Alkali Reserve 1 


Cc of gas 
corrected for 
barometric 
pressure 


o 20 

D 21 
O 23 

o 23 
o 24 
O as 
O 36 
o 27 

O 28 
o 29 
o 30 

o 31 

o 31 
O 33 

° 34 
0 35 
o 36 
0 37 
O 38 
o 39 
o 40 
o 41 
o 43 
0 43 
o 44 
0 45 
o 46 
o 47 
o 48 
o 49 
o 50 
O 51 
o 33 
0 S3 
0 54 
0 55 
o 36 
0 57 
o 38 

o 39 
o 60 
O 61 
o 6 j 
o 63 
O 64 
0 65 


1 Cc of COi bound as bicarbonate in 100 cc of plasma the temp of 
I estimation being 


>> 

20 

*5 

3° 

9 * 

9 9 

10 7 

ri 8 

10 1 1 

10 9 

“ 7 

12 6 

II 0 

zi 8 

12 6 

*3 5 

12 0 

12 8 

13 6 

24 3 

13 0 

13 7 

14 5 

IS 2 

13 9 

14 7 

■Si 

16 1 

14 9 

15 7 

16 4 

17 0 

IS 9 

16 6 

*7 4 

18 0 

16 8 

17 6 

18 3 

18 9 

17 8 

18 5 

19 2 

19 8 

x8 8 

19 S 

30 2 

20 8 

19 7 

20 4 

21 I 

ai 7 

20 7 

21 4 

22 I 

22 6 

ax 7 

22 3 

23 O 

1 23 s 

22 6 

23 3 

24 O 

24 5 

33 6 

24 2 

24 9 

, * S 4 

24 6 

25 2 

25 8 

a6 3 

35 5 

26 2 

36 8 

I 27 3 

26 s 

37 1 

27 7 

28 2 

27 5 

28 1 

28 7 

29 1 

28 4 

29 0 

29 6 

30 0 

39 4 

30 0 

30 5 

31 0 

30 3 

30 9 

1 3i 5 

3i 9 

31 3 

31 9 

32 4 

32 8 

3J 3 

1 32 8 

33 4 

33 8 

33 a 

33 8 

34 3 

34 7 

34 2 

34 7 

35 3 

1 35 <5 

35 2 

35 7 

36 2 


36 1 

36 6 

37 2 


37 I 

37 6 

38 . 

38 4 

38 I 

38 S 

39 0 

39 3 

39 » 

39 5 

40 0 

40 3 

40 0 

40 4 

40 9 

4i 2 

41 0 

41 4 

4i 9 

42 1 

42 0 

42 4 

42 8 

43 0 

42 9 

43 3 

43 8 


43 9 

44 3 

44 7 

44 9 

44 9 

1 45 3 

45 7 


4S 8 

, 46 2 

46 6 


46 8 

47 1 

47 5 


47 7 

48 1 

48 5 

48 6 

48 7 

49 0 

49 4 


49 7 

50 0 

50 4 


50 7 

( 5i 0 

St 3 


5* 6 

5« 9 

52 2 


52 6 

52 8 

S3 2 1 

S3 2 
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Table 21 — Calculation of the Alkali Reserve 1 — ( Continued ) 


Cc of gas | Cc of CO, bound as bicarbonate in 100 cc of plasma the temp of 
corrected for 1 estimation bemg 


barometric 
pres ure 

*5 ' 

20 

25 

30 

0 66 

S3 6 

53 8 

54 1 

54 l 

0 67 

54 5 

54 8 

55 * 

55 1 

0 68 

55 5 

55 7 

56 0 

56 0 

0 69 

56 5 

S6 7 

57 0 

57 0 

0 70 

57 4 

S7 6 

57 9 

S7 9 

0 71 

58 4 

58 6 

58 9 

58 8 

0 72 

59 4 

59 S 1 

59 8 

59 7 

0 73 

60 3 

60 s 

60 7 

60 6 

0 74 

61 3 

61 4 

61 7 

61 6 

0 7S 

6a 3 

62 4 

62 6 

62 5 

0 76 

63 2 

63 3 

63 6 

63 4 

0 77 

64 2 

64 3 

64 S 

64 3 

0 78 

65 2 

3 

6S 5 

65 3 


66 1 

66 2 

66 4 

66 2 

0 80 

67 1 

67 2 

67 3 

! 67 1 

0 81 

68 I 

68 1 

68 3 

1 68 0 

0 82 

69 0 

1 69 z 

69 2 

6,o 

0 83 

70 0 

1 70 0 

70 2 

6g 9 

0 84 

71 0 

1 71 0 

71 1 

70 8 

0 85 

71 9 

72 0 

72 I 

71 8 

0 86 

72 9 

7* 9 

73 0 

72 7 

0 87 

73 9 

' 73 9 

74 0 

73 6 

0 88 

74 8 

74 8 

74 9 

74 5 

0 89 

75 8 

75 8 

75 8 

75 4 

0 90 

76 8 

76 7 

76 8 

76 4 


77 8 

77 7 

77 7 


0 92 

78 7 

78 6 

78 7 

78 2 


79 7 

79 6 

79 6 

79 * 


80 7 

80 $ 

80 6 



81 6 

1 81 S 

81 5 1 



82 6 

82 S 

82 4 [ 



83 6 

1 83 4 

83 4 


0 98 

84 5 

84 4 

84 3 1 




85 3 

85 2 

84 8 

1 00 

86 S 

86 2 

86 2 j 



1 Reproduced by permission from Van SlyJte D D and Cullen G E Stu jes o 61 e 
B carbonate Concentration of the Blood Plasma Its S gmfi nee and Its Determinat on as a 
of Acidosis J Biol Chem 30 285-346 (Jun J 1517 


liquid is forced out through the bent tube into the rubber tube which conve>sit m o 
a bottle Leave a mercury seal in the cock The next estimation may be ma e 
without further washing When all estimations are finished fill the apparatus 
between the locks with water but do not draw in air at any time 

Calculations Correct the observed volume of gas for barometric pressure y 
multiplying it by the factor given in Table 20 (p 400) In Table zi n t 1S 
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corrected volume in the left hand column and read the alkab reserve figure 
opposite it in the proper temperature column 

2 Serum Calcium (Clark Colhp 1 modification of the Kramer Tisdall 1 method) 

(a) Principle — Calcium is precipitated directly from the serum as calcium 
oxalate which is recovered by centrifugation Oxalic acid is liberated by the 
addition of sulphuric acid to the precipitate, and is titrated with standard potassium 
permanganate which oxidizes the oxalic acid 

(b) Technic —The serum (oxalate or citrate plasma must not be used) must be 
centrifugated until absolutely free of suspended particles The clear liquid can be 
drawn off without disturbing the sediment by using a pipette having a very fine tip 
with a rubber bulb attached 

Measure into an absolutely clean centrifuge tube 5 exactly 2 cc of the serum 
Add 2 cc of redistilled water and 1 cc of 4 per cent ammonium oxalate Mix well 
with a rod and rinse the rod with 3 drops of the oxalate solution After it has 
stood at least 30 minutes (60 is better) centrifugate 5 minutes or until the liquid 
is quite clear and the precipitate is tightly packed Discard the liquid and stand 
the tube upside down on clean filter paper draining it thus for 5 minutes Wipe 
out with filter paper the liquid on the wall near the mouth of the tube 

Add 3 cc of dilute ammonium hydroxide stir up the precipitate and rinse the 
rod Centrifugate decant and drain exactly as before Another washing with 
dilute ammonia increases the accuracy Add 2 cc of N/i sulphuric acid by blow 
ing it from the pipette so that the stream will stir up the precipitate If necessary 
use a small rod but nnse it before removing it Warm the tube in a Pyrex beaker 
of water The bath is to be kept at 70 to 75 0 C until the titrations are finished 
After $ minutes warming the precipitate is dissolved and the oxalic acid that has 
been set free from the calcium oxalate may be titrated Add slowly N/100 potas 
smm permanganate from a micro burette 4 having a fine tip Keep the tube in the 
bath and shake it sufficiently to secure mixing When near the end point, 1 e 
when the pink color disappears slowly use a rod so as to secure quick mixing to 
the very tip of the tube A faint pink color must remain 1 minute after adding the 
last drop of permanganate Read the burette to o 01 cc A control titration of 
2 cc of the N/x sulphuric acid should previously haxe been run 

Calculation Deduct the control for the sulphuric acid from the cc of per 
manganate used and multiply by 10 the result is milligrams of calcium in 100 cc 
of serum or plasma 1 cc of permanganate is equivalent to o 2 mg of calcium 
The factor 10 is 5 ° X o 2 since the 2 cc of plasma used is Ho of 100 cc 

(c) Reagents — Prepare all reagents with water redistilled from permanganate 
To the best available distilled water add potassium permanganate solution until 


» Clark E P and Collip J B A Study of the Tisdall Method for the Determination 
of Blood Serum Calcium with a Suggested Modification J Biol Chem 6x 461-464 
(March) 1923 

* Kramer B and Tisdall F F A Simple Technic for the Determination of Calcium 
and Magnesium in Small Amounts of Serum J Biol Chem 47 475-481 (Aug) 1021 

* Cleaning the centrifuge tube Dichtomate sulphuric acid mixture is specified for 
cleaning There must be no grease on the wall to prevent perfect drainage and of course 
there must be no oxidizable substance attached to the wall 

* Micro burette A special 5 cc burette (marked for o 02 cc ) having a glass cock is 
obtainable To fill it attach a rubber tube to the top and draw the permanganate in by 
suction A thin film of vaseline may be applied to the outside of the tip so that smaller 
drops will be secured The burette is suspended over the bath during the titration 
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pinkish and redistill it after it has stood several days N/i sulphuric acid pre 
pared with this water should give a control titration of not over o 04 cc 

(1) Dilute ammonium hydroxide Add 2 cc of C P ammonium hydroxide to 
98 cc of redistilled water The solution is better if saturated with calcium oxalate 
this will become clear on standing 

(2) N/i sulphuric acid (approximate) Mix 2 8 cc of C P aad with 97 cc 
of redistilled water 

(3) Potassium permanganate Since N/100 permanganate weakens within a 
few days it is advisable to prepare it each day that estimations are made, by 
dilution of N/10 permanganate 

(a) Stock solution Dissolve o 35 gm of potassium permanganate per 100 cc 
in redistilled water to make a solution stronger than N/10 After it has stood 
several days use it for titrating 5 cc portions of N/10 oxalic aad in the presence of 
50 cc of hot 10 per cent sulphuric aad Then dilute the permanganate with redis 
tilled water so that it becomes exactly N/10 This must be rechecked every few 
weeks (see (b) below) 

(b) N/ 10 oxalic acid Dry a gram or two of C P sodium oxalate in a drying 
oven at roo° for 3 or 4 hours Cool m a desiccator Dissolve exactly o 67 gm in 
about 30 cc of water in a 100 cc volumetric flask Add 2 8 cc of C P suipbunc 
acid cautiously while mixing Cool and dilute to the mark Prepare N/ 100 oxalic 
aad by diluting 5 cc of N/10 to 50 cc with redistilled water and use to check 
N/100 permanganate, this dilute solution must be prepared fresh each day that it 
is used 

(c) N/100 permanganate Dilute exactly 5 cc of the N/10 stock solution to 
50 cc with redistilled water This should be checked against N/roo oxalic acid 
Titrate 2 cc of the oxalic acid plus 2 cc of N/i sulphuric aad exactly as in the cal 
cium estimation and deduct the control from the micro burette reading 

When, after some weeks, it is found that the N/ 10 permanganate is a little weak, 
it is necessary to use more than 5 cc for preparing 50 cc of N/100 solution For 
example if 10 2 cc of stock permanganate is required to titrate 10 cc of exact N/10 
oxalic acid then 5 1 cc of the solution must be used to prepare 50 cc of N/loo 
permanganate 

3 Blood Phosphate (Benedict and Thcis’ method 1 ) — The inorganic phosphate 
in serum or plasma can be easily estimated colonmetncally 

(a) Principle — Protein is preapitated with trichloracetic aad The filtrate 
contains the inorganic phosphate m the form of phosphoric aad When molybdic 
acid is reduced by bydroquinone in the presence of phosphoric acid, a deep blue 
color is developed which is proportional to the amount of phosphorus present 
Organic phosphorus compounds do not interfere because none are present in the 
filtrate (Benedict) 

(b) Technic — Start the estimation as soon as possible Badly hemolyzed blood 
should not be used Measure exactly 2 cc. of plasma or serum into a centrifuge 
tube, add 4 cc of distilled water and 4 cc of 20 per cent trichloracetic acid solution 
A lower concentration of the acid is unsatisfactory Shake and let the tube stand 
at least 10 minutes The plasma and acid may be mixed best in a small beaker 

1 Benedict S R and Theis RCA Modification of the Molybdic Method for the 
Determination of Inorganic Phosphorus in Serum J Biol Chem 61 63—71 (August) 
i9*4 
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and then be transferred to the centnfuge tube Centrifugate about 10 minutes 
pouT the supernatant fluid onto a 7 cm ash free filter , enough filtrate mil be secured 
for two estimations If desired the tube may be corked and the determination be 
made later even the next day 

Measure exactly 3 cc of dear filtrate into an 8 by 1 inch test tube Into 
another tube measure exactly 3 cc of dilute phosphate standard solution To each 
add s cc of distilled water, 1 cc of hydroqumone reagent, and 1 cc of molybdic 
acid reagent and mix well Stopper the tubes with corks having a small groove 
cut on the side as 1 vent, and heat in a boiling water bath for 10 minutes There is 
no loss in volume in the tubes Cool to room temperature and compare in a color 
imeter setting the standard at 15 mm The blue color is permanent for at least 
one hour 

Cakukt '°" toSHFiukbSSd - mg ol P hM i*° ms m 100 “ ° f P' asma 


(c) Reagents — (1) Trichloracetic acid solution Use the purest acid obtain 
able Dissolve 40 grams of colorless crystals in enough water to make 200 cc of 
solution 

(2) Benedict’s hydroqumone reagent Dissolve 1 gram of hydroqumone and 
30 grams of sodium bisulphite in water and dilute to 200 cc This solution keeps 
well 

(3) Benedict s molybdic acid reagent Dissolve 20 grams of C P molybdic 
acid (* special 99 9 per cent) in 50 cc of 10 per cent sodium hydroxide, warming 
gently Cool, dilute to "00 cc and filter if not dear Transfer to a large flask 
and add C P sulphuric acid in small portions until 200 cc has been added with 
frequent shaking and cooling under the cold water tap The reagent becomes 
deep blue on standing but this is not apparent when 1 cc is diluted with the reac 
tion mixture in an estimation 

(4) Standard phosphate solutions (a) A strong stock solution is prepared by 
dissolving on grams of C P anhydrous acid potassium phosphate (K.HjP 0 4 
Merck s reagent Sorensen s potassium phosphate ’ is the purest) in distilled 
water and diluting to exactly 300 cc Add chloroform and keep the bottle tightly 
corked 

(b) Dilute standard Dilute 10 cc of the stock solution to 100 cc when needed, 
3 cc of this contains 0025 of phosphorus 

4 Estimation of Blood Proteins' (Wu and Ling) —(a) Principle —A. reagent is 
used which develops a blue color with phenols Tyrosm in the protein that is being 
estimated reacts to give the color and this is compared colonmetncally with the 
color given by a standard of pure tyrosm that has been treated with the reagent 
simultaneously 

Wu s latest figures correspond closely to the relative content of tyrosm m pure 
proteins of human blood 

(fc) Technic —Fasting blood should be used (no free amino acids) Draw 
about 10 cc Quickly put 5 cc into a test tube containing 10 mg of dry potassium 
oxalate and the rest into a centnfuge tube When the latter has clotted firmly 


1. Vj k “ °, f sUnda * d ) * OOI S (mg of phosphorus in the standard) X 100 

divided by o 6 (cc of plasma taken for estimation) 

1 See page 319 for a simple but somewhat less accurate method 
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fa half hour to several hours), centrifugate both samples until clear Start the 
albumin and fibrinogen estimations as soon as possible 

(1) Albumin Estimation Measure exactly i cc of fresh hemoglobin free 
serum or plasma into a test tube Add exactly 3 cc of water and 6 cc of 48 
per cent ammonium sulphate solution Mix well Let stand 1 hour or longer 
If the protein content is low (mixture is less opaque) let stand 2 to 4 hours or use 
2 cc of serum or plasma and 2 cc of water for estimation 

Filter through a double thickness of good filter paper such as Whatman No 2, 
9 era in diameter If the filtrate is turbid, turn back on to the same filter, and 
repeat until a clear filtrate is secured 

Measure exactly 1 cc of filtrate into a centrifuge tube Add 10 cc of water 
and 1 cc of 10 per cent sodium tungstate Mix with a slender glass rod Add 
1 1 cc of % N sulphuric acid and stir with the same rod Rinse the rod with a few 
drops of water before removing it 

After 5 to 10 minutes, centnfugate, then decant the clear liquid as completely 
as possible from the packed precipitate Redissolve and reprecipitate as follows 
to the precipitate add 1 cc of sodium tungstate solution and stir until the precipitate 
has dissolved Add 10 cc of water and mix then 1 cc of N sulphuric acid, stir 
and rinse the rod Let stand 5 to 10 minutes and centnfugate Decant the 
liquid completely 

To the precipitate add 10 cc of water and 1 drop of 20 per cent sodium car 
bonate Stir until dissolved If necessary, use an extra drop of carbonate but 
never more than 2 When dissolved nnse the rod and transfer the liquid to an 
accurate 25 cc graduate or flask Use 3 cc of water twice to nnse the tube into 
the graduate In another 25 cc graduate prepare the standard as directed below 
Add o 5 cc of phenol reagent to each graduate then add to each 1 cc of 10 per cent 
sodium hydroxide practically simultaneously and mix with gentle rotation Note 
the time Dilute to exactly 2s cc and mix Let stand exactly 1 hour, read in the 
colorimeter setting the standard at 20 mm Finish the estimation within 10 mm 
utes after the 1 hour penod After that time the colors in the protein and in the 
tyrosin mixtures change at different rates (Wu) 

The Standard Used for All the Protein Estimations Measure exactly 1 cc of 
tyrosin solution into a 25 cc graduate Add o 5 cc of phenol reagent dilute to 
about 20 cc and mix Add 1 cc of 10 per cent sodium hydroxide and mix gently 
Note the time Dilute to exactly 25 cc Use for estimation after exactly 1 hour 
In some cases it is desirable to have another standard of double strength (2 cc o 
tyrosin) 

20 v 

Calculation 1 mg t> rosin is equivalent to 21 4 mg albumin mm unknown A 

0 2 X 1000 = mg tyrosin equivalent to the albumin of 100 cc serum or plasma 
Mg tyrosin X ~~ — gm albumin per 100 cc or per cent If 2 cc of serum was 

used for estimation divide the calculated result by ■’» 

(2) Fibrinogen Estimated as Fibrin The fibrin should be precipitated rom 
oxalated plasma as soon as possible after the blood is drawn Measure exact y 

1 cc of plasma into a small Erlenmeyer flask add 28 cc of o 8 per cent so rum 
chloride and o 5 cc of 5 per cent calcium chloride Mix and let stand undistur e 
for 30 minutes or until a solid jelly has formed Using a small glass ro wit a 
tapered end twirl it gently in the jelly until all the fibrin is wrapped about t e 
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rod If necessary, press the rod against the side of the flash while rotating it m 
order to squeeze the liquid out of the jelly Push the fibrin off the rod and press it 
lightly between dry filter paper to remove as much liquid as possible 

Put the fibrin into a centrifuge tube, add 4 cc of 1 per cent sodium hydroxide, 
warm it in a beaker of water at 65 to 80” C and stir occasionally until the mass is 
disintegrated (the solution is turbid) Add 8 cc of water mix rinse the rod, and 
centrifugate Decant the dear liquid completely into a 25 cc graduate Cool to 
room temperature and add 1 cc of 5 per cent sulphuric acid Add o 5 cc of phenol 
reagent, dilute to about 20 cc add 1 cc of 10 per cent sodium hydroxide and 
mix gently Note the time Dilute to 25 cc and let stand exactly 1 hour Read 
quickly in a colorimeter against the standard prepared as above, set at 20 mm 
Calculation 1 mg tyrosin is equivalent to 1 1 3 mg fibrin 

22 x o 226 — per cent fibnn 

mm unknown r 

1 e 22 x o 2 X 100 — mg tyrosin equivalent to fibrin, mg tyrosin 

mm unknown 

X = gm fibrin per 100 cc plasma 

(3) Globulin Estimation This is estimated by determining the total protein 
of serum and deducting the albumin The serum is obtained from fasting blood 
and must be free of hemoglobin 

Dilute exactly 1 cc of clear serum with 9 cc of 0 8 per cent sodium chloride 
or o s cc with 4 5 cc and mix Measure 1 cc of this or 3 cc of liquid from which 
the fibrinogen has been removed if there is a shortage of serum into a 2 S cc grad 
uate and add about 18 cc of water When the standard is ready for simultaneous 
treatment with reagents add o 5 cc ol phenol reagent and 1 cc of 10 per cent 
sodium hydroxide to the serum mixture Mix gently Note the time Dilute 
to 25 cc and mix I et stand exactly 1 hour and read quicklv in the colorimeter 
against the standard set at so mm 

Calculation 1 mg tyrosin is equivalent to 15 8 mg globulin 

mm "unknown x 0 2 X 1000 = tyrosin equivalent to albumin plus globulin 
in 100 cc of scrum Deduct from the mg tyrosin equiv alent of albumin plus globu 
hn the mg tyrosin equivalent to albumin (see above) the result being the mg 

t> rosin equivalent to globulin Globulin t> rosin X = gm globulin per 100 
cc of serum 

All three estimations may be made with the aid of a single standard by bringing 
the 3 protein mixtures and the standard to the same stage m the graduates and 
then adding the phenol reagent and sodium hydroxide quickly to each 

This method can be adapted to estimation of albumin and globulin in cerebro 
spinal fluid, in pleural and ascitic fluids and in unne if Bence Jones protein is 
absent 

(c) Reagents— (i) Ty rosin solution dissolve 50 mg of rfanstiehl C Y tyrosin 
in ago cc of N/to hydrochloric aad and add chloroform or toluol (th>mol gives 
a blue color with the reagent) this contains o 2 mg of tv rosin per cc 

(2) Ammonium sulphate solution dissolve 48 gm CP crystals m 70 cc of 
water and dilute to 100 cc Six cc of this solution contains as much sulphate as 
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5 cc ol saturated solution The saturated solution is a troublesome reagent since 
crystals separate out whenever the temperature of the room is lowered 

(3) Sodium tungstate and sulphunc acid these are the same solutions as 
are used for the protein free filtrate 

(4) Sodium carbonate solution Dissolve 10 gm of anhydrous sodium carbonate 
tn 40 « of distilled water and dilute to 50 cc 

(5) Sodium hydroxide solutions to per cent, prepare a solution stronger than 
10 per cent from 60 to 65 per cent sodium hydroxide solution titrate against N/i 
sulphunc acid and dilute so that 1 cc will neutralize 2 5 cc of N/t acid 

One per cent, dilute to cc of to per cent to too cc 

(6) Sulphunc acid, 5 per cent dilute 10 cc of C P sulphunc acid to aoc cc 

(7) Sodium chlonde, o 8 per cent dissolve 8 0 gm of C P sodium chlonde in 
1000 cc of water 

(8) Calcium chlonde 5 per cent dissolve 5 o gra of dry C P calcium chlonde 
(weigh quickly) tn 100 cc ot water and filter 

(9) Phenol reagent (Folin Ciocalteau) transfer 100 gm of sodium tungstate 
and 25 gm of sodium molvbdate together with 700 cc of water to a 1500 cc Florence 
flask Add so « ol 85 per cent phosphonc acid and too cc of C P hydrochlonc 
acid Connect to a reflux condenser by means of a cork or rubber stopper w rapped 
in tin foil, and boil gently for to hours At the end of the boiling period, add X30 gm 
of lithium sulphate, so cc of water, and a few drops of liquid bromine (caution 0 
Boil the mixture without the condenser for about 15 minutes to remove the excess 
bromine Cool, dilute to 1 liter, and filter The finished reagent should have no 
greenish tint, as this means the presence of blue reduction products which will 
lessen the range of true proportionality between different small amoun s ot lyrosin 
The reagent should be kept well protected against dust as organic materials will 
gradually produce slight reduction 

5 Cholesterol (Mvers and Wardell, 1 slightly modified) — This is estimated in 
oxalated whole blood or plasma by a colonmetnc method 

(a) Prtnctple — Dried blood uniformly spread in a thin layer on fine particles 
of plaster is extracted with chloroform The chloroform solution of cholesterol 
is treated with sulphuric acid and acetic anhydride (Ljebermann B orchard reac 
tion) developing a bluish green color which is proportional to the amount of 
cholesterol present 

Since moisture interferes with the reaction the chloroform and the reagents 
must be as nearly anhydrous as possible the pipettes colorimeter cups and other 
glassware must be dry 

(b) Technic — The blood may be kept in the ice box half a day before starting 
the estimation Spread about 6 grams of plaster of Pans of good quality in a 
uniform layer in an evaporating dish about 4 inches ui diameter Deliver exactly 
1 cc of well mixed oxalated blood or plasma by drops all over the surface of the 
plaster * In about 5 minutes stir with a small rod until the plaster is uniformly 
colored and leave the tod in the dish When partly air dned the small lumps may 

* Myers V C and Wardell E I The Colonmetnc Estimation of Cholesterol in Blood 

Jour "Biol Chem 36 147 is6 (Oct) 1918 , , . 

* Instead of spreading the blood on plaster of Paris it is more convenient to drop « on 
3 or more pieces of filter paper and dry for an hour or more in a 35 to 4 ° incubator (r>.am 
let) Then fold the filter papers and place them ;n the Soxhlet extraction apparatus and 
proceed as directed m the original method No extraction shell is necessary _ l>ir e « 
extraction as suggested by Kamlet J Simplified Micro-determination of Cholesterol in 
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b" reduced by using the bottom of a test tube as a pestle Scrape off the adhering 
plaster with a spatula The blood plaster mixture, spread well on the bottom and 
up the wall of the dish, is dried in an oven at po° C (see note 2) for 2 hours After 
1 hour of heating take the dish from the oven and stir up the powder then reheat 
If there are any lumps break them up with the pestle After complete drying, 
transfer the powder to a fat free paper extraction shell as completely as possible 
by the following method Support the shell in a short cy Under and use a dry short 
stemmed funnel Stand this cylinder on a sheet of glazed black paper Pour the 
powder slowly with the aid of the rod through the funnel Scrape off the rod 
Scrape with a spatula the wall of the dish standing it on the black paper, until all 
substance seems to be loose and transfer to the funnel Use a camel s hair brush to 
transfer the last of the powder from the dish, the spatula and the black paper, and 
finally from the funnel itself to the extraction shell There must be no powder on 
the outside of the shell Place the shell carefully in the extraction apparatus in 
such a position that the condensed chloroform will dnp directly onto the powder 
Use 20 cc of anhydrous chloroform in the small extraction flask Heat with an 
electnc heater adjusted so that there is active boiling and a constant dnp of chloro 
form from the shell for 45 minutes When the apparatus is cool, remove the flask 
Pour the chloroform through a dry funnel into a dry accurate 25 cc measuring 
flask Use several small portions of redistilled chloroform to nnse the extraction 
flask and the funnel When the chloroform is at room temperature, it may be 
filled to the mark mixed and estimated The estimation may be postponed to 
the next day if the flask is corked and set in a dark place 

Exactly s cc is measured into a dr> test tube Into another tube measure 
S cc of dilute cholesterol standard solution To each add exactly o 2 cc (within 
o 01 cc ) of C T sulphunc acid and 2 cc of pure acetic anhydride Mix well cork 
loosely place immediately in a beaker of water that is at 25 0 C and set in a dark 
place After exactly :o minutes compare in a colorimeter and secure the readings 
as soon as possible since the color changes Chill the liquids in a bath of ice water 
before putting them into the colorimeter as this stabilizes the typical bluish green 
color Set the standard at 15 or 20 mm and use a ground glass screen in the path 
of the light Make several readings and average them At ordinary temperature 
the color changes rapidly losing the blue tinge and becoming yellowish 

Calc,lla ' ,on Rcaclmg of'the’ blood X ,0 °' " “S °' ch ° 1 “" r ° 1 “ cc °> M °° d 

Notes 1 An aqueous solution of naphthol green B has been suggested as an 
artificial standard but has not a sufficiently bluish tinge A better standard is pre 
pared as follows Dilute 2 2 cc of o 1 per cent aqueous solution of naphthol green B 
and o 16 cc of o 1 per cent methylthiomnc chloride (methylene blue) to :oo cc 
Satisfactory dyes are obtainable from the National Aniline and Chemical Co Set 
this as the standa rd at 23 m m the color is v cry close to that of the purest obtainable 
cholesterol set at 20 mm The estimations of blood are the same as with pure 
cholesterol standard Use 20 in the formula for calculation This dilute standard 
must be made up each day The concentrated dye solutions keep for over a month 

Whole Wood Serum and Plasma J Lab and CIm Med 19 88 » (May) 1914 rave low 
estimations *■ 

too equals o 4 (mg cholesterol in standard) X X 100 
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m the dark, but deteriorate later Others using this artificial standard should test 
it against very pure cholesterol , 

2 Overheating or too prolonged heating of the blood plaster mixture gives an 
extract which does not develop the typical bluish green color but a more yellowish 
color which is very difficult to match By keeping the oven temperature down to 
90° C , the extracts give almost exactly the same color as the pure cholesterol 
standard 

(c) Apparatus — Test tubes, pipettes and colorimeter The extraction appa 
ratus a Soxhlet or other similar syphon type of apparatus is not necessary or 
desirable A simple form of fat extraction tube (Knorr) is quite suitable, a piece 
of bent glass rod is inserted to prevent the shell from blocking the bottom of the 
chamber A reflux condenser is attached to the top of the tube by a cork stopper 
A small extraction flask is attached below by means of a cork 

(d) Reagents — (1) Cholesterol solutions Stock solution Dissolve So mg of 
the purest cholesterol obtainable that is Jree of ester (Pfanstiehl’s C P cholesterol 
is satisfactory) in 100 cc of anhydrous chloroform 

Dilute standard Dilute exactly 5 cc of the stock solution to 50 cc with chloro 
form as needed and mu well Keep these chloroform solutions in a cool dark 
place and tightly corked 

(2) Anhydrous chloroform Treat 500 cc of C P chloroform with dry calcium 
chloride for several days with occasional shaking Filter into a dry distilling flask 
and distill Keep tightly corked 

(3) Sulphuric acid Use the best grade of C P acid 

(4) Acetic anhydride Use the best obtainable Merck’s blue label reagent is 
recommended and Pfanstiehl’s is satisfactory 

6 Bile Pigment m Blood — (a) Icterus Index — This was first 
described by Meulengracht, 1 several modifications have been suggested 
It is preferable to the more complicated and less accurate method of van 
den Bergh 

(1) Principle Increases in bilirubin alter the intensity of the yellow color of 
blood plasma These alterations are quantitatively determined by comparing the 
clear plasma or serum with standard potassium di chromate solution 

(2) Technic Serum is preferable to plasma Clinical carotinemia 
may be associated with enough carotin m the blood serum to change 
the icterus index 1 or 2 points but is not likely to introduce clinical 
error White and Gordon 2 have developed a method for the determina 
tion of carotin 

Draw the blood after a fasting period and centrifugate Perfectly 
clear plasma or serum is transferred to the cup of a colorimeter and 
readings are made against the dilute standard dichromate solution 
set at 15 or ao mm 

1 Meulengracht E Bile Pigment m Blood Serum Deutsch Arch f khn Med 

I3Z > White U l- y ^I) 9 *aiid Gordon Ethel M The Estimation of the Serum Carotin J Lab 
and Chn Med 17 53-59 (Oct) 1931 
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Calculation 


Mm standard 
Mm unknown 


= Icterus index 


If the plasma is highly colored, make an exact dilution with o 9 per 
cent sodium chloride solution before estimation Multiply the calcu 
lated index by the factor for dilution 

If the serum contains hemoglobin or is turbid, use the acetone 
technic of Newburger 1 To 3 cc of serum or plasma in a graduated 
centrifuge tube add an equal volume of redistilled acetone Mix, 
let it stand 5 minutes and centrifugate Transfer the clear supernatant 
fluid to the colorimeter cup and proceed as above but multiply the 
results by 2, or still better, use the clear fluid in the Farahaugh and 
Medes method as described below and multiply the results by 2 If 
dilution is required, use the acetone instead of o 9 per cent saline 


(3) Reagents (a) Prepare an exact 1 per cent solution of potassium dichro 
mate as a stock solution 

(b) Dilute standard Make this frequently by diluting exactly x cc of the 1 per 
cent solution to 100 cc with distilled water If a few drops of C P sulphuric acid 
are added to this standard and it is kept in a brown bottle it will keep several 
months 

It is e\en more satisfactory to compare the serum or plasma in a biocolonmeter 
with the permanent standards of Farahaugh and Medes * If the serum is too 
deeply colored to match the «»andard make a 1 to to dilution with o 9 per cent saline 
and multiply the value on the nearest standard tube by 10 In some instances 
a 1 to ao dilution will be necessary 

Preparation of the standards — The stock solution is prepared by dissolving 
o s grams of potassium dichromate m a 500 cc flask with water containing a few 
drops of sulphuric acid and diluting to the mark Use water containing sulphuric 
acid in making the dilute standards also 


Label Standard 


2 5 

3 

3 S 

4 

4 S 

5 

6 
8 

(0 


Stock Solution 
Cc 

1 o 

2 o 

2 5 

3 o 

3 5 

4 o 

4 S 

5 o 

6 o 
8 o 

to o 


Water 
Cc 
9 ° 

8 o 
7 5 
7 o 
6 5 
6 o 
S S 
S o 
4 O 
2 0 
o o 


I *! y?} >urg w r J R A Determination of the Ictenc Index by the Acetone Method 1 
Lab A Clin Med 22 1192-1195 (Aug) 1937 J 

‘ Farahaugh C C and Medes G A New Set of Potassium Dichromate Standards 
f°r Determination of the Icterus Index J Lab and Clin Med 14 681-682 (April) 
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Select II test tubes of uniform diameter and measure into them the quantities 
indicated m the table, labelling them with the icterus index value in the first column 
of the table Cork, seal with paraffin, and keep in the dark when not m use 

(b) Van den Bergh 1 Test — This test for bilirubin in blood serum or plasma is 
recommended as a qualitative test to differentiate obstructive from hematogenous 
jaundice 

A quantitative estimation of bilirubin is possible but as it is much more diffi 
cult and much less accurate than the icterus index determination the latter is 
recommended 

(1) Principle Serum or plasma is treated with a diazotizing reagent and the 
red color which results from Us reaction with bilirubin is taken as an index of the 
type and extent of bihrubinemia depending on the rate of appearance and depth of 
color 

(2) Technic (a) Direct reaction Mix 1 cc of clear serum or plasma and 1 
cc of diazo reagent A purplish red color appearing in 30 seconds is an immediate 
direct reaction , if it appears after 30 seconds, it is a delayed direct reaction , and if it 
appears first within 30 seconds but gradually becomes more intense afterward, it is a 
biphasic reaction 

(b) Indirect reaction * In a centrifuge tube mix 1 cc of serum or plasma with 

0 s cc of reagent Let it stand 15 minutes and add 2 5 cc of 95 per cent alcohol and 

1 cc of saturated ammonium sulphate solution Mix after each addition and centrif 
ugate Compare the clear supernatant fluid in the colorimeter against the cobalt 
standard * 

_ , , Mm standard w w , ,, , 

Calculation X 4 X o 4 = mg of bilirubin per 100 cc 

One unit is 5 mg of bilirubin per 1000 cc of blood Express the results in mg per 
100 cc. 

(3) Reagents (a) Dissolve 1 o gram of sulphamlic acid in dilute hydrochloric 
acid (15 o cc of C P hydrochloric acid in 1000 cc of water) This keeps well 

(b) o 4 per cent sodium nitrite, freshly prepared 

(c) 6 gm of disodium hydrogen phosphate (i2H*0) dissolved and diluted to 
roo cc 

(d) Diazo reagent 25 parts of reagent (a) plus 1 part of reagent (b) Just 
before using mix equal parts of this mixture and (c) This reagent does not keep 
well and should be made fresh each day 

(e) Standard Dissolve x 3 grams of anhydrous cobalt sulphate in 50 cc of 
distilled water in a 100 cc. flask, add 40 cc of C P hydrochloric acid, cool and dilute 
to the mark It is permanent if kept in the dark 

7 Dye Tests for Liver Function — Many such tests have been proposed, but 
the bromsulphalein test of Rosenthal 4 seems to be the most satisfactory 

1 Van den Bergh A A H Diazo Test for Bilirubin in Blood Presse Medical 29 
44* (June 4) 1921 . 

‘White F D On Serum Bilmibm I The Diazo Reaction as a Quantitative Procedure 
British J Exper Path 13 76-85 1932 , _ . , « . 

» This standard was suggested by McNee as a substitute for the original ethereal solution 
of ferric thiocyanate , , __ , , , _ , 

* Rosenthal S M and White E C Cluneal Application of tie Bromsulphalein 1 
for Hepatic Function JAMA 84 1112-1114 (April) i 9 2 * S 
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(a) Principle — A definite quantit} of the dve is injected intravenously and 
the amount still remaining in the blood stream after 30 minutes is determined 
Bromsulphalein is excreted chiefly in the bile hence, if liver function is impaired, it 
mil remain longer in the blood stream and w higher concentration than m normal 
individuals 

(b) Technic — Two mg of bromsulphalein per kilogram of body weight is 
injected intravenous!} as a 5 per cent solution in sterile ph}siologic saline solu 
tion The patients weight in pounds divided b> gives the cc of 5 per cent 
solution to inject Blood is withdrawn from the opposite arm 30 minutes after 
injection, the serum is separated b> centrifugation and the per cent of dve in the 
serum is estimated b> comparison with standards* in the comparator accompan> mg 
them after the addition of one or two drops of 10 per cent sodium hydroxide to 
bnng out the color A set of standards for use with a biocolorimeter may be made 
Four mg in 100 cc of o 2 per cent sodium hydroxide solution equals the 100 per 
cent standard 

Rosenthal* perfected the phenoltetrachlorphthalem test in 1922 but he and 
others later discovered several objections to this d> e among which are the dangers 
of thrombosis of the vein after injection and the large amount of dye necessary 

8 Congo Red Test — (a) For Determination 0 f the Total I chime of the Circti 
luting Blood (Keith Rowntree and Geraghty 1 as modified b> Harris 1 ) — (1) Fnnci 
pie A known amount of dye is injected intravenous!} after removing blood for a 
standard After allowing adequate time for thorough admixture with the dye 
blood is withdrawn from the opposite arm and the color of the plasma is compared 
with that of a standard From the amount of dilution of the d}e indicated, the 
total volume of the plasma and whole blood may be calculated 

(2) Technic Dissolve 375 mg of Congo red in 25 cc of redistilled water to 
make a 1 5 per cent solution Filter and stenhze bv boiling or better, by auto 
claving As soon as it is cooled to body temperature do a venipuncture Withdraw 
S cc of blood for a standard and then inject the number of cc of d} e solution corre 
sponding to one fourth the patients bod} weight in kilos (1 e , a patient of 
60 kilograms bod} weight would receive 15 cc ) Ivot more than 18 cc should be 
injected in any case \fter allowing at least 3 minutes never over 6 for mixing a 
second sample of blood is withdrawn from the opposite arm and mixed with oxalate 
to prevent dotting Both samples of oxalated blood arc centrifugated as for a 
volume index determination p 437 and the volume of plasma per too cc of blood 
is calculated from the av crage of the two results A standard is prepared from the 
plasma of the first sample of blood as follows 2 cc of plasma 2 cc of a r to -oo dilu 
tion of the 1 5 per cent d}e solution, and 4 cc. of o 9 per cent sodium chloride 
solution, this is placed in the colorimeter and set at xo mm Then the d} e content 
of the plasma of the second sample of blood after the addition of 6 cc of o 9 per cent 
sodium chloride solution to 2 cc of the plasma is determined b} comparison with 


'Obtainable from Hynson Westcott and Dunning 

* Rovrntha! S M \n Improved Method for Lsing Thenoltetrachlorphthalcm as a 
I »vcr > unction Test J Iharm and Fxp Therap 10 iS^-tpr (June) 1922 

* Keith \ M kowntree I C and (rfraghty J T A Method for the Determination 
oil Inna and Ttl»d \olume Arch Int Med 16 54 -5 6 (Oct ) 1915 

‘Harm I) T The Value of the \ita! red Method as a Clinical Means for the Estiraa 
tion of the Volume of Blood Bnt Jour Ixpcr lath t 142-158 1920 

SeeGrafl S and Clarke 11 T Determination ofl lasna V olu me 1 The Dye Method 
Arch Int Med 48 808-827 (Nov ) 1931 for a detailed consideration of this method 



4 i 4 


dye Ejected * th the c * DIAGn ° s *S 

;zF^= ?s=a8a§sW5s-. 

Tie ^m U l aea Press " 1 « cc L ' 01a ' Woodt a ' 

" p,a ® a x ""”■<>« of cc r ,,osrara * w; 

H, sraa '" JK<ed <,,v '*d VSS-S 

'~~«5sr~~-£l>r *» ° un! “' w " 


iw 

, W fnncipje p d d,s «>se fhe c ^cui atl0 _ Ben nWd« di SCf)v 

^ * un ^z: b :; 

lor raa/s, ®fww ncph r „„. p ? cars rap, <«/?... s s, <>»ly 


norDla 's, w’ 1 ™ ne Phrosi s P f aars ,a P «% l!ue ‘ slo "‘y from the 
W Tc ci „, c , be < ' c, «>ed 6y ' S *«« rap,4 ‘° ’ “Clilra, 

o° u w ' <? j ,r " ir *’«iw c< * w ''' d «<» <*= ara ^ 

a SK^^3££' , i5=S:£? 

-PlalTt” 

<** 0/ dv, ? ‘ au "« He D, V , 

*s?ui*cs? o/ *• — ,„ ; “ per Mn! * *. «.* 
4 p Fs i53its? - w. , f : p Sffia — - - 

ri ' «■''*''•• M'ihod? m ' TOph »*B!i [ l, “ 40 iw" Zita,' 0 / t ' ,ras 

ias 


Wmmm 

‘'“toorecZ' fv a cc " ,t6 *'aodard s „ Sold 

° 5 *' S, a "<J «L „ Sen,m 4 CC l »«colom„:,„ 

”' c «*„y *»« c«wd , ' cento, ' " a <" a„d , , 

„„ - rp °' a '"’ ,r " 



BLOOD CITE MIS TR\ 


415 


(c) Preparation of Standards '—Dissolve 193 mg of anhydrous sodium bromide 
in 50 cc of water and add the reagents in the order given in the table to test tubes 
of uniform diameter, labelled as in the first column Cork, seal with paraffin, and 


keep in the dark when not in use 

Sodium 

Value Bromide 

W ater 

Trichloracetic 

Acid 

20 Per Cent 

Gold 

Chloride Sol 

0 s Per Cent 

in Mg 

cc 

cc 

cc 

cc 

300 

2 0 

4 0 

1 2 

1 4 

200 

1 3 

4 67 

1 2 

1 4 

iso 

1 0 

5 0 

1 2 

1 4 

US 

0 85 

5 IS 

1 2 

1 4 

100 

0 67 

S 33 

1 2 

1 4 

75 

0 50 

S So 

1 2 

1 4 

0 

0 00 

6 0 

1 2 

1 4 


2 Tests for Carbon Monoxide Hemoglobin 2 — Many methods 
for detecting carbon monoxide hemoglobin have been devised but, in 
my experience, the simple methods are too inaccurate and the accurate 
methods are too complicated for clinical use The following method 
has pro\ed satisfactory The blood for examination should be taken 
within 3 hours after cessation of exposure to the supposed source of 
poisoning since 50 to 30 per cent of the carbon monoxide in combination 
with hemoglobin at the beginning of any hour is freed by the end of the 
hour If the patient survives carbon monoxide hemoglobin will have 
disappeared from the blood within less than 24 hours, even after the 
heaviest exposures 

(a) Technic — Perform a hemoglobin estimation by the Osgood 
Haskins method, or some other reliable acid hematin method, on the 
patient’s blood and on blood from a person known not to have been 
exposed to carbon monoxide within the last 24 hours Dilute 1 cc of 
the patient’s blood to 100 cc with distilled water and dilute the cal 
culated amount of the normal blood to 100 cc to give a final dilution 
containing the same amount of hemoglobin For example, if the 
patient’s blood contains 12 gm of hemoglobin per 100 cc and the 
normal blood contains 16 gm of hemoglobin per 100 cc , dilute o 75 cc 
of the normal blood to 100 cc Mix thoroughly and compare m a 
colorimeter If the colors are identical and the readings the same, no 
significant amount of carbon monoxide is present in the patient’s blood 
If the colors fail to match and the patient’s blood appears more pur 
phsh red than the normal and the nearest match in intensity is obtained 

1 Reagents and standards ready prepared may be obtained from the La Motte Chemical 
Products Co or from the Shaw Surgical Co Portland Ore 

* Osgood E E and Ashworth Clarice M Atlas of Hematology Pp 207-208 
J W Stacey Inc San Francisco 1937 
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with a lower colorimeter reading sn the unknown (le normal at 15, 
patient's at 12 8 mm ), carbon monoxide hemoglobin is present The 
amount may be determined by dividing the diluted known normal blood 
into two portions Completely saturate one by bubbling illuminating 
gas or pure carbon monoxide through it under a hood and make a senes 
of mixtures of this 100 per cent carbon monoxide hemoglobin and the 
100 per cent oxyhemoglobin to cover a range of percentages at about 
10 per cent intervals from 10 to 50 per cent (eg 2 cc carbon monoxide 
hemoglobin + iS cc oxyhemoglobin = jo per cent, 4 cc carbon 
monoxide hemoglobin -f 16 cc ox> hemoglobin — 20 per cent, etc) 
Determine in the colorimeter which of these mixtures most nearly 
matches the unknown m color and intensity and this will give the 
percentage of carbon monoxide hemoglobin present No symptoms 
are ordinarily present unless the concentration is above 20 per cent 
and concentrations above 50 per cent occur only m patients who are 
in coma 

3 Test for Detection of Methemoglobm and Sulphemo- 
glob in 1 in Blood — A technic similar to that given for carbon monoxide 
hemoglobin is suitable for the detection of methemoglobm Proceed 
as described above to the stage of the first comparison m the colorimeter 
If methemoglobm is present the unknown will be a much deeper 
brownish red than the normal when the cups are set at the same depth, 
and the nearest match m intensity will be with a much lower reading 
for the unknown than for the oxyhemoglobin To determine the 
quantity of methemoglobm present, a colorimeter having two cups and 
plungers on one side of the type used for pH determinations must be 
used Put the dilution of the unknown on the side of the single plunger 
and add sodium nitrite pills or crystals to one half of the oxybemo 
globm, changing it all to methemoglobm Place part of this m the 
lower cup and part of the oxyhemoglobin in the upper cup of the color- 
imeter and adjust the ratchets until the colors match in both intensity 
and character Read the verniers and determine the percentage of 
methemoglobm by the ratio of the vernier reading for the plunger 
dipped in the 100 per cent methemoglobm to the sum of this reading 
plus the oxyhemoglobin reading which should equal the reading of the 
unknown For example, if the unknown is set at 15 mm , the oxy herao 
globm reads 10 mm , and the methemoglobm reads 5 mm the blood 
contains 33 per cent of its hemoglobin m the form of methemoglobm 
and the actual amount of methemoglobm is 33 per cent of the grams 
of hemoglobin per 100 cc as determined by the aad hematm method 

* Healy J C Sulphemoglobmerwa J Lab and Clm Med >8 348 (Jan) >931 



BLOOD CHEMISTRY 


417 


If the brown color is due to methemoglobin, addition of 1 or 2 drops 
of ammonium sulphide and shaking vigorously will restore the oxy hemo 
globin color, whereas, if the brown color is due to sulphemoglobm, 
no change will occur 

4 Quantitative Determination of Sulfa n i l a mi de and Sulfa- 
pyridine (Marshall's modified by Marshall and Litchfield 1 ) — The 
quantities given are for determination of free sulfanilamide or sulfa 
py ndine alone If the conjugated form is to be determined too, double 
the quantities 

(a) Principle — -The 1SH* group attached to the benzene nng in sulfanilamide 
or any of its derivatives in which the NH» group is free is diazotized by the action 
of nitrous acid and coupled with dimethyl-a naphthylamine or N (1 naphthyl) 
ethylenediamine 1 to form a pink dje The intensity of the color produced is 
compared colonmetncallj with a standard of known sulfanilamide or sulfapv rtdme 
content 


(b) Technic — Into a flask, measure 2 o cc of oxalated blood and 
add 14 cc of 0 05 per cent saponin solution Let this stand tw-o minutes 
or more and add 4 o cc of 15 per cent trichloracetic acid solution Dis 
tilled water mav be used instead of saponin but laking then requires 
10 minutes or more and should be complete before addition of the 
trichloracetic acid Mix thoroughly, let stand 5 minutes or more, and 
filter To 10 cc of the filtrate and to 10 cc of dilute standard sulf 
amlamvdc or suUapy ndvne in another tube, add 1 o cc of freshly 
prepared o 1 per cent sodium nitrite Mix, let stand 3 minutes, and to 
each add 1 cc of buffered o 5 per cent ammonium sulfamate Let this 
stand 2 minutes and add 5 o cc of alcoholic solution of dimethyl a 
naphthylamine Let this stand 10 minutes and compare in a color 
imeter If the acetyl sulfanilamide or acetyl sulfapyndme is to be 
determined, prepare a double \olume of filtrate as above and treat 
10 cc as described above To another 10 cc add 2 o cc of N/ 1 hydro 
chloric acid and heat in a boiling water bath for one hour Cool and 
dilute to 10 cc Then add reagents as to the filtrate except that the 
buffered sulfamate solution should contain 2M instead of iM sodium 
acid phosphate 


(c) Calculation 


The colorimeter reading of standard 


X factor = 


The colorimeter reading ol unknow n y 
mg of sulfanilamide or sulfapyndme per 100 cc of blood The factor 
which should be used in the calculation is 10, ^ or •>, depending on which 


1 Marshal! 1 K Jr Determination of Sulfanilamide m the Blood and Lnne T Bio! 
Chm in 163-2 a (Dec) ion 

Marshall I k Jr and Utch field J T Jr The Determination o[ Sulfanilamide 
Science SS S5-S6 (Jul> «) 193S 

* Bratton A. C and Marshall E k Jr A Sew Coupling Component for Sulf 
anifamide Determination J Biol Chen 118 537-530 (May) 1030 
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standard is used since they are matched against a i-io dilution of the 
blood Total — free = sulfanilamide or sulfapyridine combined with 
acetyl radicle 

(d) Reagents — Saponin solution Dissolve o 5 grams of saponin in 1 liter of 
distilled water 

Buffered o 5 per cent ammonium sulfamate Dissolve 13 8 grams of NaH*POj 
HsO and o 5 grams of ammonium sulfamate (LaMott Chemical Products Co , 
Baltimore) in distilled water and dilute to 100 cc Use 27 6 grams of NaHjPO< HjO 
and o s grams of ammonium sulfamate per 100 cc to make the 2M buffered sulfam 
ate solution for the determination of total sulfanilamide or sulfapyndme 

Dimethyl -a naphthylamme Dissolve 1 cc in 250 cc of 95 per cent ethyl 
alcohol A blank determination with this solution when used with ro cc of dis 
tilled water instead of filtrate should give no pink color and only a slight yellow color 
in 10 minutes, with the standard sulfanilamide solution it should give a pink color 
which does not increase in intensity after 10 minutes If color development is slow 
the dimethyl-a naphthylamme should be heated on an oil bath at 26 in a test tube 
while a stream of air is bubbled through it through capillary glass tubing 

Standard sulfanilamide or sulfapyridine Dissolve 200 mg of the drug in 
800 cc of hot distilled water, cool, and dilute to x liter Prepare the dilute standards 
from these by measuring into volumetric flasks, 5, 2 5 and 1 cc of the stock solution, 
adding 18 cc of 15 per cent trichloracetic acid and diluting to 100 cc with distilled 
water These standards contain respectively 1 o, o 5 and o 2 mg per 100 cc The 
factor used in calculation is 10 times these figures 

5 Cevitamic Acid Determination (Farmer and Abt 1 ) — Both 
a macrodetermination and a microdetermination are available The 
macrodetermination is recommended if blood is obtainable by vem 
puncture or from the fontanel The microdetermination is recom 
mended for children with small veins who are too old for fontanel 
puncture 

(a) Principle — The dye, 2 6 dichlorophenohndophenol is reduced to a colorless 
form by the reduced cevitamic acid in a protein free filtrate from the blood 

(b) T echmc of the Macrodetermination — Centrifugate 5 cc of oxalated 
venous blood as soon as possible after withdrawal To 2 cc of the 
plasma in a centrifuge tube add 4 cc of distilled water and 2 cc of 
freshly prepared 5 per cent metaphosphonc acid Mix thoroughly 
and centrifugate Transfer 2 cc of the protein free supernatant fluid 
to another centrifuge tube and titrate with the dye solution, using a 
5 cc microburette, to the faintest detectable pink color which persists 
for 20 to 30 seconds after mixing 

1 Farmer C J and Abt A F Ascorbic Acid Content of Blood Proc Soc Exper 
Biol &Med 32 1623-1629 (June) 193s , „ . , . _ , c m -ri 

Farmer C J and Abt A F Determination of Reduced Ascorbic Acid u Small 
Amounts of Blood Ibid 34 146-130 (Mar) 1936 
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(1) Calculation — Cc of d) e X 4* = mg of reduced cevitamic 
acid per 100 cc of plasma 

(c) Techntc of Mtcrodelerminahon — Make a deep puncture with a 
lancet in the heel or toe and collect 6 to 8 drops of blood in a small 
phial 1 containing 2 mg of potassium oxalate Cork and shake thor- 
ough!) Place the phial in a recessed cork m a centrifuge tube and 
centrifugate With the 01 cc pipette, transfer o 1 cc of plasma to a 
15 cc centnfuge tube and with the same pipette add o 1 cc of distilled 
water With a second micropipette, transfer o 2 cc of freshl) prepared 
5 per cent metaphosphonc acid to the same tube Mix thoroughl) 
b\ tapping and centrifugate With a micropipette, transfer o 2 cc 
of the deproteinized fluid to a depression in the porcelain tile Into a 
neighboring depression, pipette o 1 cc of 5 per cent metaphosphonc 
acid and o 1 cc of distilled water Fill the bulb of the microburette 
parti) full of mercury and turn the screw clamp until a drop of mercur) 
appears at the tip Place the tip below the surface of a few cubic 
centimeters of the standard d)e solution m a tilted test tube and turn 
the screw damp until a drop of mercur) is extruded into the d)e 
Reverse the direction of turning until the microburette is filled with 
the d)e solution Slip off the test tube containing the d)e and slide 
the tile under the tip and titrate the fluid in both depressions to the 
faintest pink color which persists for 30 seconds Comparison may 
be made with the color of o 2 cc of distilled w ater in another depression 
as an aid in determining the end point Read the microburette which 
is calibrated in o 002 cc divisions 

(1) Calculation — Cc of dye — cc used in the control X 4of = mg 
of cevitamic acid per 100 cc of plasma 

(2) Reagents — Place one tablet of sodium 2 6 dichlorophenolindaphenol* m a 
50 cc volumetnc flash and dilute to the mark with distilled water This should be 
checked from time to time against a standard cevitamic acid solution made up by 
dissolving the contents of a o 1 gm vacuum filled ampule (Merck cebione) in $ per 
cent acetic acid made from freshly boiled and cooled distilled water in a 100 cc 
volumetnc flask and dilute to the mark To 2 cc of this solution in a 50 cc 
volumetnc flask add enough 5 per cent acetic acid to fill to the mark Mix and 
titrate 2 cc of this solution in a centnfuge tube The volume of dye solution 
required should be 2 cc A factor may be calculated to substitute for the o 02 in the 
formula if the titration value of the dj e solution is changed 

* cc of dye = 001 mg and o 5 cc of plasma = Hoo of 100 cc 001 X 200 = 4 

‘The phial porcelain plate microburette and micro pipettes are obtainable from 
E II Sargent &. Co Chicago 

1 1 cc of dye solution = o 02 mg of cevitamic acid o 2 cc of protein free fluid «= 
0 °S cc of plasma which is Kooo of 100 cc 2000 X 001 ■= 40 

* Obtainable from E II Sargent & Co Chicago 
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I Quantity of Blood Needed for Each Method 

Table 33 


Blood Filtrate 


Blood urea 



Aeration method 

Sec 


Urea clearance 

Sec 1 

Sec 

Notv protein nitrogen 

sec 1 

10 cc 

Blood creatinine 

2 CC 1 

10 cc 

Blood unc acid 

see 1 

S cc. - 

Blood dextrose 

2 CC 

Sec 

Blood chlorides 

2 CC 

10 cc 

Alkali reserve 

See 

2 c of plasma 

Blood cholesterol 

2 CC 


Blood phosphorus 

sec 

2 cc plasma or serum. 

Blood calcium 

See' 

2 cc serum 

Icterus index 

Sec* 

2 cc serum or plasma 

Van den Bergh 

3 cc * 

1 cc. of serum or plasma 

FoUn’s complete analysis 

7 cc 

Socc 

Hematologic examination 1 

SCC 


Blood proteins 

Jscc* 

15 cc 

1 or 2 cc serum. 

1 or 2 cc plasma 

Blood bromide 

Sec* 

2 cc serum. 


* No anticoagulant 

» See the utulortn lystem of hematologic method* (P 461) 

Note These are the amounts to be measured, hence add at least o 5 ■ 
cc , preferably over 1 cc , to the sum of the amounts given for the esti 
mations desired It is still better to take 5 cc more than the amounts 
specified as this will permit a recheck of any determination should question 
as to its accuracy arise Oxalated blood is satisfactory for all method* * 
except the blood calcium and globulin determinations 




SECTION V BASAL METABOLIC RATE DETERMINATION 1 


For a discussion of energy metabolism, the factors, both physio 
logic and pathologic, which influence the basal metabolic rate, and 
the general instructions to the patient and technician necessary for its 
accurate determination, see page 103 It is important that the 
technician be calm and unhurried in her directions and in the per 
11 formance of the test since an atmosphere of tranquillity is absolutely 
t t essential 

On the morning of the test assure yourself (a) that your instructions 
' u have been followed, (b) that no contraindications to doing the test have 
developed since you last saw the patient, (c) that the patient has had 
a good night’s sleep, (d) that the patient has urinated before starting 
1 the rest period 

3 A The Rest Period — See that the room temperature is comfort 
able and that there are no drafts The room must be quiet The 
patient is to lie on his bach on a comfortable couch with the head 
supported by a thin pillow The clothing is to be loosened sufficiently 
^ * or comfort Darken the room or lay a folded cloth over the eyes to 

* P r<) tcct them from the light Tell the patient to relax physically and 

* mentally as much as possible just as if he were trying to go to sleep 
) The rest period has been shown to decrease the basal metabolic rate 
c- bom 8 to 10 per cent At least 30 minutes is desirable for this period 

In a few cases the patient is more comfortable m a semi reclining posi 
bon and a more accurate result is secured 

B Technic of the Test *— Note the patient’s pulse at intervals 
dunng the test and record any evidence of nervousness or tension 
To prepare the apparatus for the test, attach the breathing tubes, 
cork the end of the tubes, see that the respiratory valves are working, 
msert the box of soda lime, to about 2 liters of air in the float add 
2 liters of oxygen or 3 if a high rate is expected and see that ihc pen 
a nd recording apparatus are in order After the 30 minute rest period 
a ttach the clean sterilized rubber mouthpiece and insert it in the 


RtpwL th A P * nd Buckm S ham pearl E 1116 Cnlena of a Dependable Basal Metabolism 

—bote "S 

of ** for * n y of ‘he machines for determining the metabolism by the m asurement 

la iv?f? consumption alone The Tissot spirometer method is too chfhcult for clinical use 
the largest Ubora tones although it is the most accurate for research 
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plete instructions for handling each machine are furnished by the 
manufacturer 

C Calculation —Lay the record on a table, apply the edge of a 
ruler to the lowest points of the curves, if most of these points prac- 
tically coincide with a straight line and there are no marked divergences, 
then the slope of the curves is uniform, draw a line and use the entire 
record for calculation If the tracing is not regular, find a portion 
where the slope of the curves is uniform for an interval of several 
minutes and draw the line 

Table 26 — Basal Metabolic Rate Normals (The Sage Standards) 

I Cal per hr per sq m Cal per hr per sq m 

Ages — Ages : 

Males 1 Females Males Females 


14-16 1 

46 0 

43 0 

, 40-50 1 

38 5 

36 0 

16-18 1 

43 0 

40 0 

| 50-60 

37 S 

35 0 

18-20 1 

4 t 0 

38 0 1 

| 60-70 I 

36 S | 

34 0 

20-30 1 

39 5 1 

37 0 

70-80 

35 5 

33 0 

30-40 

39 S 

36 5 





Read the volume of oxygen used in a period of 3 to 5 minutes from 
the factors for the graph paper used in the machine employed With 
the Metabolor, each small square equals 100 cc of oxygen or o 1 minute 
Divide the cc of oxygen by the minutes to obtain the cc of oxygen 
consumed per minute In some machines the graph paper is so call 
brated that corrections are automatically made for barometric pressure 
and temperature These are satisfactory for clinical purposes but 
are not so satisfactory for teaching students the principles of the 
method as is a machine such as the Metabolor which makes readings 
in actual cubic centimeters Multiply the result 1 by the factor in 
Table 24 that corresponds to the barometric pressure and the average 
temperature This gives the total calories per hour 2 From Table 25,* 
determine the surface area of the patient in square meters, where height 
and weight intersect The basal metabolic rate in calories per hour per 
square meter is secured by dividing the total calories by the square 
meters of area or by referring to Table (C) which comes with the 
apparatus 

1 If using the charts furnished with the Metabolor multiply by o oG to convert to liters 
per hour and then multiply by the factor found m Chart A . . 

* To use the Hams and Benedict standards continue as directed on p 429 if a cnua 
continue as directed on p 432 

* Reproduced by permission of the McKesson Appliance Co 
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Table 28 — Harris Benedict Standards Based on Ace and Stature— Men 


Cm 

Age 

20 

*s 

3 ® 

35 

4 = 

45 

50 

55 

60 

6S 

70 

150 

25 6 

24 2 

22 8 

22 4 

20 0 

18 6 

17 2 

IS 8 

24 4 

13 0 

11 6 

*55 

26 6 

25 2 

23 8 

22 4 

21 0 

19 6 

18 2 

16 8 

25 4 

14 0 

12 6 

160 

27 7 

26 3 

24 9 

23 5 

22 I 

20 7 

»9 3 

2 7 9 

16 5 

2J 2 

13 7 

165 

28 7 

27 3 

25 9 

24 5 

23 2 

21 7 

30 3 

18 9 

27 5 

x6 1 

14 i 

170 

29 8 

28 4 

27 0 

25 6 

24 2 

22 8 

21 4! 

20 0 

iS 6 

17 2 

25 8 

* 7 S 

30 8 

29 4 

28 0 

26 6 

25 2 

23 8 

22 4 

21 0 

19 6 

18 2 

16 8 

180 

31 9 

30 4 

29 I 

27 6 

26 2 

24 8 

»3 4 

32 O 

20 6 

19 2 

17 8 

185 

32 9 

3 i 5 

3 ° 2 

28 7 

=!! 

25 9 

24 5 

23 2 

21 7 

20 3 

18 9 

190 

34 0 

32 5 

32 * 

29 7 j 

28 3 

26 9 

35 5 

24 I 

22 7 

21 3 

29 9 

I 9 S 

35 0 

33 6 

32 2 

30 8 

29 4 


26 6 

25 2 

23 8 

22 4 

21 0 

200 

36 1 

34 6 

33 * 

31 8 

3 ° 4 

29 O 

27 6 

26 2 

24 8 

33 4 

22 0 


Table 29 — Harris Benedict Standards Based on Ace and Stature — Women 
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For clinical purposes this is changed to per cent of the average 
normal Multiply the calories per sq meter per hour by 100 and 
divide by the normal for the same sex and age (Table 26) If the result 
is greater than ioo, there is a plus rate, if less than 100, a minus rate 
Take the difference between the figure and 100, then prefix plus or 
minus, for example, suppose the basal metabolic rate is 85 per cent of 
the normal, then the rate is minus 15 or 15 per cent below normal, 
and if the basal metabolic rate is 120 per cent of the normal, the rate 
is plus 20 or 20 per cent above normal Calculate the rate from the 
formula given on page in from the pulse rate and pulse pressure 
and if there is a great discrepancy have the patient return for a recheck 
The first metabolic rate determination is often too high, hence it is a 


Table 31 — Standard Total Calories for Weight — Girls / 


Weight kg 

Total calories per hour 

Weight kg 

Total calories per hour 

Girls 

Bo>s 

Girls 

Bo>s 

3 0 

5 7 

6 3 

38 0 

So 3 

54 4 

4 0 

8 5 

8 8 

40 0 

Si 7 

55 8 

S 0 

11 4 

i* 3 

42 0 

S3 1 

57 * 

6 0 

14 0 

13 8 

44 O 

54 4 

58 3 

7 0 

16 s 

16 3 

46 0 

55 8 

59 6 

8 0 

18 7 

18 5 

48 0 

57 1 

60 8 

9 0 

20 7 

20 6 

So 0 

58 3 

61 9 

10 0 

21 5 

22 7 

52 0 

59 5 

62 7 

11 0 

*4 3 

24 8 

54 0 

60 8 

64 8 

12 0 

*5 8 

26 0 

56 0 

62 1 

6 S 8 

>3 0 

37 3 

27 7 

S8 0 

63 2 

66 7 

14 0 

28 6 

29 2 

60 0 

64 3 

67 9 

IS 0 

29 9 

30 2 

62 0 

65 5 

69 2 

l6 Q 

3 l 1 

3 

64 0 

66 6 

70 4 

17 O 

32 3 

32 5 

66 0 

67 8 


18 O 

33 4 

33 8 

68 0 

68 9 

73 5 

19 O 

34 S 

35 0 

70 0 

70 0 

74 4 

20 O 

35 5 

36 3 

72 0 

71 0 


22 O 

37 4 

37 9 

74 0 

72 1 


24 O 

39 3 

40 8 

76 0 

73 2 


26 O 

41 0 

44 6 

78 0 

74 2 



4* 7 

45 8 

80 0 

75 2 


30 0 

44 7 

47 S 

82 0 

76 3 


3* 0 

45 9 

49 6 

84 0 

77 4 


34 0 

47 4 

5« 3 




36 0 

48 9 

52 9 





Stand rd* for Children Am. J D > Ctuld js 4SS-4S9 (March) 193$ 

The standards are calculated in calories per hour instead of calories per *4 hoars as 1 


1 Metabolism 
1 the original 
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good rule to recheck all high rates and it is safer to do at least two tests 
on different da>s on all patients 

For children, calculate the total calories per hour and express the 
results in percentage of normals for weight or height in Tables 31 or 32 


Table 32 —Standard Total Calories for Heiciit (or Total Calories for the 
Expected Weight) 1 


Height cm 

Total calones per hour 


Total calones per hour 

Girls 

Boys 


Girls 

Boys 

48 

5 6 


93 

28 4 

30 2 

S° 



94 

29 0 

3 * 3 

51 


6 7 

96 

29 5 

3 > 5 

52 

7 7 

7 3 

98 

30 1 

3 > 9 

54 

8 9 

8 3 

100 

30 6 

32 7 


10 3 

9 3 

>°o 

32 1 

33 5 

58 

11 6 

10 8 

tio 

32 6 

34 6 

60 

12 9 

»a 5 

"5 

35 2 

36 5 

62 

14 3 

13 > 

120 

36 4 

39 0 

64 

15 S 

*5 0 

125 

39 3 

4 > 3 

66 

16 8 

16 3 

>30 

41 1 

43 5 

68 

18 0 

17 S 

>35 

44 0 

46 0 

70 

>9 3 

18 8 

140 

47 1 

48 S 

72 

20 4 

20 O 

> 4 S 

5 ® 3 

So 8 

74 

21 5 

31 3 

IS® 

53 9 

53 8 

76 

22 5 

32 3 

>55 

57 8 

57 5 

78 

23 3 

23 S 

160 

< 5 > 5 

61 7 

80 

24 2 

24 6 

165 

64 3 

6S 4 

82 

25 0 

25 5 

170 

66 0 

69 0 

84 

25 8 

36 s 

>75 

66 s 

7 > 7 

86 

26 5 

37 5 

180 

66 7 

75 0 

88 

90 

27 2 

27 8 

28 s 

29 3 

190 


79 2 


* Reproduced by permission of the author and publisher from Talbot F B Basal Metabolism 
Standards for Children Am J Dis Child 55 4SS-4S9 (March) 1938 

Hie standards are calculated in calories per hour instead of calories per 34 hours as In the original 
Since the height standard is based on a normal weight this can also he called expected weight 

D Common Sources of Error and Precautions Necessary to Prevent Them — i 
If the slope of the curve indicates an excessively high rate, a leak is probable 
Check the fit of the nose piece and mouth piece with a wisp of cotton and if no 
leak is found block the external auditory canals with the finger tips and note 
whether there is a change in the slope of the curve Perforated ear drums may 
result in a leak which is very difficult to detect if this possibility is not considered 
Ideally, the physician should examine the ear drums and inquire about perforations 
before making the appointment If a leaking ear drum is found block the external 
auditory canals with a cotton pledget inside a small square of rubber dam 

2 Test the apparatus for leaks at least once a week as follows Set up the 
apparatus as for an estimation raise the float until it contains 3 to 4 liters of air and 
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then tightly plug the ends of the breathing tubes Place a weight equal to about 
ioo grams on top of the float and allow it to remain for ten minutes Run the 
recording apparatus for the first and last minute of the test Note the temperature 
A perfect!) straight tracing (provided the temperature of the apparatus has 
remained constant) indicates that no leak has occurred 

3 Examine the rubber valves each week and lubricate the connection of the 
lower valve with the apparatus to prevent sticking 

4 keep the inside of the breathing tubes clean Lubricate the connection of 
these tubes with the apparatus to secure an air tight joint 

5 If the soda lime is inactive a low rate results At the end of each day lift 
out the soda lime box and pour the soda lime into a jar or wide mouth bottle so 
that it can be sealed tightly from the air Do not replace the box in the apparatus 

It is advisable to keep about 5 pounds of soda lime on hand most of the time 
Wilson's non caking 4 to 8 mesh soda lime which leaves the air 80 per cent 
saturated with moisture is recommended Haden s factors can not be used with 
accuracy with other types of soda lime Before using a new batch of it, sift out 
the powdered material 

Since a smaller amount of soda lime must be used than with the original metab- 
olor it is exhausted with fewer basal metabolic rate tests Inefficient absorption 
of carbon dioxide may be indicated by unusually deep respirations or discomfort of 
the patient 

Test the efficient of the soda lime frequent!) At the end of the test cork the 
breathing tube as soon as removed from the patient Attach rubber tubing to the 
petcock and bubble some of the air from the apparatus into banum h)droxide 
solution a precipitate indicates carbon dioxide is not being completely remo\ ed 
If for the first batch of soda lime a record is kept of the time during which it was 
m actual use for metabolism tests before it became unsatisfactory, it mil not be 
necessar) to test subsequent batches so frequently 

6 The clock may be tested occasionally against an accurate watch noting the 

time required for the pen to pass across 10 to so small squares on the record paper 
If inaccurate it can be corrected by a regulator 



SECTION VI GASTRIC CONTENTS ANALYSIS 


A Procuring Secretions — The large Ewald tube is best for all 
aspirations except in the fractional tests, because it is more easily passed 
and stomach contents are more easily aspirated through it It is impor 
tant to empty the stomach completely at each aspiration, some suggest 
placing the patient in several different postures to facilitate this because 
the stomach is a poor mixer, as shown by the fact that different fractions 
of the total contents taken as close together as possible will vary in 
composition 

i Introduction of the Stomach Tube — The large tube is directly inserted by 
propulsion w hereas the small tube is sw allow ed with the aid of gravity First of all 
the patient should be assured that the passage of the tube can do no harm and should 
be instructed as to how he can best cooperate He should be placed in a straight 
bached chair preferably with the back against the wall, his clothes should be pro 
tected by towels or a large rubber apron, and his body should be tilted slightly 
forward The tube should be sterilized and then chilled in a basin of cracked ice 
The tube should be grasped near its end as one would a pen, and Introduced far 
back into the pharynx, while the patient is asked to swallow Then the patient 
should be instructed to breathe rapidly through the mouth while the tube is boldly 
pushed into the esophagus until the ring upon U reaches the incisor teeth thus mdi 
eating that the tip is in the stomach After the tip of the tube passes the level of the 
cncoid cartilage there is very httle discomfort If the patient is extremely neurotic 
or possesses a pharyngeal hyperethesia and does not have an idiosyncrasy to cocaine, 
a 2 per cent aqueous solution of cocaine hydrochloride may be sprayed into the 
throat before passing the tube 

7 Vonuhis — This should be saved and sent to the laboratory for examination 
as described below because it may give all the information desired and thus eliminate 
the necessity of a test meal 

3 Fasting Contents — Removal and examination of this material may give the 
desired information In cases having a large residuum it allows a more accurate 
interpretation of the test meal findings It should always be done before Che 
fractional tests 

4 Ewald Meal — It is recommended that this test be performed 
first in all patients requiring gastric analysis except those with pernicious 
anemia m whom the histamine test is done first The original meal 
consisted of 35 grams of wheat bread or toast and 8 ounces of tea 
Since bread or toast usually contains lactic acid and yeast, Dock 
has recommended the substitution of one shredded wheat biscuit 
Graham crackers are more palatable with water and the residues 
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are more easily aspirated Tea, by reason of its tannic and gallic 
acid content, interferes with tests for blood and is, therefore, undesir 
able Bergeim demonstrated that water gives a similar gastric 
stimulation 

Technic —One whole shredded wheat biscuit or, better, 3 graham 
crackers and 8 ounces of water are given on an empty stomach, pre 
ferably in the morning before breakfast The stomach is completely 
emptied at the end of 45 to 60 minutes, at least 30 to 50 cc should be 
obtained 

5 Histamine Test — This was first put on a practical basis by 
Gompertz and Vorhaus 1 A great deal of work has been done with 
the method since then (see Chapter V for references) and recently 
a much smaller dose 2 of histamine has been recommended 

Techntc — The patient should be under as nearly basal conditions 
as possible when the test is done The small (Rehfubs) type of tube is 
swallowed and the fasting contents removed, then o 25 cc 3 of sterile 
i-i 000 solution of histamine 4 is injected subcutaneously The stomach 
contents are completely aspirated at twenty and at thirty minutes 
from the time of injection and the volume and total acidity of the three 
samples are determined As the free acid is practically the same as 
the total acidity, it need not be estimated 

6 XUegel Meal — This type of meal is the best test for slight degrees of impair 
ment of total gastric function It should not be given until severe obstruction or 
impaired motility has been eliminated by an hwald meal or fluoroscopic examina 
tion or both The test is best done after a fasting period, but may be done at other 
times, if the residuum is first aspirated The meal onginally consisted of 400 cc 
of soup 200 grams of beefsteak, either two slices of bread or 150 grams of mashed 
potato and one glass of water An ordinary three course meal including the equiva 
lent of 200 grams of beefsteak will give the same information Most information is 
secured if a small sample is removed at three hours for tests of acidity and observa 
tion of the progress of digestion, and if the stomach is emptied at six or seven hours 
to note whether any food residue remains 

7 Stasis Meal — This should be given when impaired motility or obstruction 
to the outlet is suspected and has^iot been demonstrated by the Ewald meal or by 

1 Gompertz L M and Vorhaus M G Studies on the Action of Histanun on Human 
Gastric Secretion J Lab and Chn Med n 14-21 (Oct) 1925 

1 Gompertz L M and Cohen W The Effect of Smaller Doses of Histamin in Stimu 
lating Human Gastric Secretion Am J Med Sc 177 59-64 (Jan ) 1929 

‘ The older methods specified o or mg of histamine hydrochloride per kilogram of body 
weight but these doses usually produce a marked reaction in the patient (flushing of the 
face, headache etc ) Gompertz has shown that a total dose of o 25 mg will in all cases 
produce a definite response without the disagreeable reactions Although the response 
is not as great as with the larger doses it is not decreased in direct proportion Practically 
all of the work, on responses to this test has been done w ith the larger doses but the curves 
obtained with either are similar in type and the results are therefore comparable 

4 Burroughs and Wellcome s Ergamme is satisfactory 
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fluoroscopy Various meals are used, a satisfactory one consists of 2 ounces of 
half cooked rice (boiled 15 to 20 minutes) and 12 well chewed raw raisms It is 
given in place of the regular evening meal and the stomach contents aspirated, pref 
erably with the aid of washing in the morning before breakfast The residuum is 
examined for food remnants 

8 Sippy Pumpmgs — These are samples removed during the Sippy treatment 
of peptic ulcer as a check on the alkali administration They are usually removed 
at 4 30 P M and one half hour after the last dose of alkali in the evening and are 
tested for free acid It is especially important to indicate the exact time of with 
drawal of the sample The volume should also be noted 

9 Alcohol Meal (Cheney) — Give 50 cc of 7 per cent ethyl alcohol and aspirate 
at 45 minutes or bv the fractional method 

10 Fractional Aspiration — A small tube of the Rehfuss type is swallowed by 
the patient, the fasting contents are removed With the tube left in place, an 
Ewald or alcohol meal or injection of histamine is given and 10 cc samples are 
removed at 10 minute intervals until the stomach is empty 

B Examination of Samples — 1 Gross Examination —(a) 
Color — This should be accurately described The fluid portion of 
normal gastric contents has a faint yellow color Fresh blood imparts 
a red color, but older blood, due to reaction with the acid, has a dark 
color resembling coffee grounds Bile produces a yellowish or greenish 
discoloration which is normally present 

(b) Mucus — This is recognized from its slimy appearance when 
the fluid is poured from one vessel into another A small amount 
is normally present in aspirated contents, whereas a large amount 
is present in vomitus Report the amount present (1+ to 4+) 

(c) Food Residues — These may be visible grossly, but should be 
checked microscopically Record the nature and approximate amounts 
of such remnants 

(d) Volume — This should always be measured before any material 
is withdrawn for tests 

2 Microscopic Examination — This should be made on the 
original unstrained material and should first be done with a subdued 
light and the 16 mm or, better, 8 mm objective Pus (rare), blood, 
and bacteria should be identified with the higher power lenses Epi 
thelial cells, starch granules, a few bactena, and occasionally yeast 
cells are normally present Undigested food remnants, red cells, 
pus cells, sarcinae, and excessive numbers of yeast cells and bacteria 
are pathologic A drop of diluted Lugol's solution will stain starch 
granules blue and 1 per cent aqueous methy Ithionme chlonde (methy 
lene blue) will stain bacteria Gram’s stain may aid in differentiating 
bactena Pus cells and red cells have the same appearance as m 
urinary sediments Yeast cells are smooth, colorless, highly retractile 
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oval cells a little smaller than a leukocyte, they stain yellow to brown 
with iodine solution and may show budding Sarcmae are small 
spheres arranged in cuboid groups, often compared to cotton bales, 
they usually occur in clumps Bactena appear as elsewhere The 
Boas Oppler bacillus is the only one of special significance, it is a long 
broad, gram positive rod, usually occurring in chains They should 
be looked for in all cases of achlorhydria (see Fig 16) 



3 Chemical Examination — The stomach contents should be 
centrifugated or strained through gauze, not filtered, before this part 
of the examination is begun 

(a) Free Hydrochloric A ad — (t) Congo red test This is merely a qualitative 
test and does not indicate the amount of free acid present It may be done as a 
preliminary test, but is not necessary A positive test is the production of a deep 
blue color when a drop of the gastric contents is placed on a stnp of Congo red paper 
or a few drops are added to a dilute solution of the dye The reaction occurs only 
at a low pH indicating a high degree of acidity which can not be produced bj the 
slightly ionized organic acids 

(2) Boas’ test This test is slightly less delicate than the dimethyl 
qualitative test but is more reliable since it reacts only to free hydro 
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chloric acid It should be used as a qualitative check on any 
"dimethyl” titration giving a clinical figure below 20 

(a) Principle The reagent contains resorcinol and cane sugar, free hydro 
chloric acid plus heat causes the hydrolysis of the sugar with the formation of 
levulose and dextrose, levulose and resorcinol react in the presence of hot hydro 
chloric acid to produce a red color (SelmanofTs levulose test) 

(b) Technic In a porcelain dish mix two drops of gastric contents 
and Boas’ reagent and slowly evaporate to dryness over a small flame, 
taking care not to scorch the sugar The appearance of a rose red color, 
which soon fades, shows the presence of free hydrochloric acid 

(c) Reagent (Boas’) Dissolve 5 grams of resubhmed resorcinol and 3 grams of 
cane sugar in 100 cc of 50 per cent alcohol The reagent keeps well, which makes 
it preferable to Giinzburg’s reagent 

(3) Dimethyl test (Topfer’s) This is the most practical test 
for free and but as the indicator reacts with other acids than hydro 
chloric, clinical figures below 20 must be checked by the Boas’ test 

(a) Principle This dye gives a red color in solutions of high acidity, the color 
diminishes as the pH of the solution approaches 4 o and changes to pure yellow at 
about pH 4 3 

(b) Technic Into a beaker or titration flask measure exactly 5 cc 
of strained stomach contents and add one drop of the indicator (Topfer’s 
dimethyl) A cherry red color denotes the presence of free acid Now 
add N/10 sodium hydroxide from a burette until the red color dis 
appears, leaving a pure canary yellow 1 color, read the burette and 
proceed as directed under "total acidity ” 

The presence of free hydrochloric acid should be checked by the 
Boas’ method if this titration gives a clinical figure below 20 If the 
Boas’ test is negative, report free hydrochloric acid absent, no matter 
what the dimethyl titration A clinical figure under 30 is an indication 
for a lactic acid test 

Calculation Multiply the cc of hydroxide used for titration by 
20 (1 e , 10 %) to convert to terms of 100 cc if using N/10 alkali, the 
result is cc of free N/10 hydrochloric acid per 100 cc of stomach 
contents or the clinical figure for free acidity The per cent of hydro 
chloric acid may be calculated by multiplying the acidity figure by 
o 00365 

(c) Reagent Tdpfer s dimethyl This is a o 5 per cent alcoholic solution of 
dimetbylaminoazobenzol 

1 Since this end point is not sharp and appears gradually beginners are likely to secure 
erroneous results with pracUce the end point is easily determined 
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(b) Total Acidity —Tbxs is made up of free and combined hydro 
chlonc acid, acid salts, and, in some pathologic conditions, organic acids 

(1) Principle The indicator used is phenolphthalein Since its end point is 
on the alkaline side of neutrality, the results obtained by titration represent the 
total acidity of the solution (acid phosphates are converted into alkaline phosphate, 
e g , disodium phosphate) 

(2) Technic When the end point for free hydrochloric acid is 
reached, as described above, add one drop of 1 per cent alcoholic phenol 
phthalein solution to the mixture or this may be added at the start, and 
continue the titration to the characteristic phenolphthalein end point 

Calculation The total cc of sodium hydroxide used for titration of the entire 
acidity, including the free acid, multiplied by 20 gives the total acidity of too cc of 
stomach contents in terms of N/10 acid This is the clinical total acidity figure 

(c) Hydrogen Ion Concentration — This is of importance only in connection with 
studies of peptic digestion It is not a part of the routine examination Colon 
metnc methods give satisfactory results and are the simplest to do The method 
of Shohl and King is recommended 1 Tull directions accompany the standards and 
comparator 

An approximate idea of the degree of deficiency of acid may be obtained by 
testing the gastnc contents with Squibb s nitrazme paper In pernicious anemia 
the gastnc contents are often neutral or alkaline 

(d) Lactic Acid — This acid occurs from the fermentation of carbo 
hydrates in a stomach with hypochlorhydna or achlorhydria Hence 
it should always be tested for in these cases if the “dimethyl” titration 
gives a clinical figure under 30 The Strauss ether ferric chloride test 
is satisfactory 


(1) Frtnaple Feme chlonde and lactic and react to produce a yellow color 
which varies in intensity roughly in proportion to the amount of lactic acid present 

(2) Technic To 5 cc of stomach contents, add o 5 cc of N/i 
hydrochloric acid and extract with 10 cc of ether If a large test tube 
is used, close the tube and invert it repeatedly for 5 minutes, but do not 
shake m such a manner as to produce an emulsion If emulsion occurs, 
separate it by centrifugation With a large pipette, draw off the lower 
layer, then decant the ether into a clean test tube, leaving behind the 
few drops of aqueous liquid If a separatory funnel is used, twirl the 
funnel in such a way that the liquids spread out in thin layers on 
the wall, finally draw off the watery layer and decant the ether into a 
test tube If longer time can be allowed, put the liquids in a large flat 


•Shohl A T and King J II DeterrrunaUon of the Acidity of Gastnc Contents II 
The Colorimetric Determination of Fret Hydrochloric And Bull Johns Hopkins Hosd 
31 158-16* (May) igio r r 
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bottle and lay it on its side, extraction occurs in an hour or two without 
shaking because the layer is very thin Pour into a test-tube and sepa 
rate the ether as m the first case above 

To the ether extract secured add 2 cc of distilled water and 4 drops 
of 2 per cent feme chloride solution (old deeply colored solution gives a 
poor test, a trace of added hydrochloric acid restores the reagent) and 
shake The solution acquires a canary yellow color if lactic acid is 
present 

(e) Blood — This may be tested for either by the ether extraction 
method as described under blood in urine (p 358) or directly on the 
residue strained out, as follows pour a few drops of the ortho tolidine 
solution directly on the residue and then add a few drops of hjdrogen 
peroxide A positive test is the development of the characteristic 
greenish blue color 

(0 Determination of Peptic Activity — This is seldom done, but is of some value 
m checking the efficiency of alkali therapy m peptic ulcer cases and for the detection 
of ach>ha The Mette tube method with slight modifications is satisfactory For 
more accurate methods, see reference 2 on page 126 Usually all the information 
desired is whether digestion has or has not taken place 

(1) Principle Small glass tubes containing coagulated egg albumin are placed 
in the solution to be tested and incubated If pepsin and hydrochloric acid are 
present, the protein will be digested at each end of the tubes The amount of 
digestion produced is a measure of the amount of pepsin present 

(2) Technic Place a Mette tube xn each of three narrow test tubes To Tube 
x add o 3 grams of U S P pepsin, 5 cc of water, and 3 drops of 10 per cent hydro 
chloric acid to Tube 2, add 5 cc of strained gastnc contents, and to Tube 3, add 
5 cc of strained gastnc contents and 3 drops of dilute hydrochlonc acid Place 
the tubes in an incubator at 37 0 C for 24 hours After incubation examine the 
tubes to see if any digestion has taken place 

Tube 1 is the control and shows the effect of normal gastnc juice Digestion in 
Tube 2 indicates the presence of both pepsin and hydrochlonc acid Digestion 
in Tube 3 but not in Tube 2 indicates pepsin but no h> drochlonc acid No diges 
tion xn either Tube 2 or 3 indicates no pepsinogen or hydrochlonc acid This may 
be done in a quantitative way by accurately measunng the amount of albumin 
digested, but it is tedious and very inaccurate at best Normal human gastnc juice 
digests 2 to 4 mm of the albumin 

(3) Apparatus Mette tubes Mix and strain through cheese cloth the liquid 
portion of several egg whites The mixture should be homogeneous and free from 
air bubbles A number of thin walled glass tubes of r to 2 mm internal diameter 
should be cleaned dned and drawn out m a flame so that when broken they will be 
constneted at each end and 6 to 10 cm long They should then be sucked full of 
the egg white and the tips sealed off in the flame Coagulate the albumin by placing 
the tubes in a large bath of water at 85° C and allowing them to remain until cool 
They keep for a long tune They are broken into pieces three fourths of an inch 
long when needed for use The ends must be broken off squarely 



GASTRIC CONTENTS ANALYSIS 


441 


C Table 33 Normal Values for Gastric Contents — Ewald 
Meal 

Volume 30 to 70 cc 

Acidity (free HCl) 15 to 75 cc of N/ 10 acid per roo cc 

(total acidity) 30 to 90 cc of N/ 10 acid per 100 cc 

Histamine Test 

Volume 1 15 to 35 cc 

Acidity 1 (total) 90 to 125 cc of N/10 acid per 100 cc 

1 Volume and acidity of the last sample (30 minute aspiration) 

Riegel Meal — At six: hours the stomach should contain less than 
100 cc of fluid of a consistency resembling puree 

Mette Tube Test — Definite digestion of the albumin in Tube 2 




SECTION VU EXAMINATION OF DUODENAL CONTENTS AND BILE 1 


A Collection of the Specimen — Instruct the patient to come to the laboratory 
without breakfast 

The duodenal tube may be passed more rapidly (Rousselot and Bowman) if 
n gauge piano wire having a bead of lead at one end is introduced into the Einhorn 
tube to stiffen it and the tube is passed at once into the stomach Then withdraw 
the wire about 3 cm , turn the patient on the right side, pass the tube to the pylorus 
and check by fluoroscopy Withdraw the wire to 5 cm from the tip and aid the 
passage of the tip through the pylorus by gentle manipulation under fluoroscopic 
observation Withdraw the wire, inject 50 cc of saturated magnesium sulphate 
and maintain aspiration with a synnge for 60 minutes or until deeply bile stained 
fluid is obtained Each 5 cc portion withdrawn is placed in a separate tube 
B Examination of the Contents — Note the character and intensity of the color 
Normally one should obtain bile stained fluid which is viscid and slightly alkaline in 
reaction Often the question of whether bile is obtainable or not is the only 
information desired If gall stones are suspected, the most deeply stained portion 
should be centrifugated and the sediment examined for characteristic clear flat 
cholesterol crystals (Fig 12) Calcium bilirubinate appears as yellow to orange 
granules of irregular shape If pancreatic function is to be determined add 2 cc of 
a 1 to 10 dilution of the deepest colored sample to 2 cc of a 1 per cent soluble starch 
solution and incubate at 37 5 0 for 30 minutes At the end of this time, add a drop 
of Gram s iodine solution If any blue color remains, it indicates a deficiency of 
amylopsin More accurate methods for testing for the presence of pancreatic 
enzymes, including tests for steapsin and trypsin are given in the references * 

1 Lyon B B V Duodenal Tube Drainage of Biliary Systems In the Cyclopedia of 
Medicine 8 268-283 F A Da\is Philadelphia 1933 This article and the references 
cited therein give in detail the technic and mteipretation of the Meltzer Lyon biliary 
drainage . , , 

1 McClure C W, Wet more A S and Reynolds, L New Methods for Estimating 
Enzymatic Activities of Duodenal Contents Arch Int Med 27 706-715 (Ju Q c; 1921 
Hollander E A Clinical Method for the Quantitative Determination of Pancreatic 
Ferments in Duodenal Contents J Lab and Clin Med 16 460-465 (Feb ) 193* 
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SECTION VUI EXAMINATION OF FECES 

The routine examination of feces should include a gross examination 
for color, odor, form, consistency blood, mucus, and pus, a chemical 
test for blood, and a microscopic examination of a moist cover slip 
preparation for the presence of ova, parasites, and unusual amounts of 
fat or starch Other tests are done only if specifically requested 

A Collection of Material — The stool should be passed into a clean vessel with 
out admixture of unne and should be examined as soon as possible Half pint paper 
cans 1 are satisfactory containers When searching for motile forms of parasites 
it is especially important to keep the stool at body temperature all the time and to 
prevent excessive drying When looking for amebae flagellates, parasitic ova 
worm segments or larvae, a fluid stool (e g the second stool after a saline cathartic) 
often has advantages All specimens should be labelled with the patient s name in 
full the exact time of collection and the tests desired 

B Gross Examination — i Color — This should be accurately 
described in such terms as brown, yellow, cla> colored, black and tarry, 
green, red, etc 

2 Odor — fhe normal odor, due to indol, skatol, and butyric acid 
is offensive, but not excessively foul Describe the odor of the stool 
in such terms as normal, putrefactive, sour, extremely foul, etc 

3 Form and Consistency — Note whether the stool is formed or 
not and any marked deviations from the normal m shape (ball like, 
nbbon, etc ) and in diameter Describe the consistency in such terms 
as fluid, semi fluid, mushy, soft, hard, of rocky hardness, etc If gas 
bubbles are present, record the fact 

4 Blood — Large amounts of blood are usually evident grossly 
Note the character as tarry, reddish, bright red, the amount on a 
scale of i to 4 plus and distribution as evenly mixed, partially mixed, 
only on the outside, etc 

5 Pus — Note the amount on a scale of i to 4 plus and the 
distribution 

6 Mucus — This is recognized by its shmy appearance and tenaci 
ous qualities Record as i plus to 4 plus and note whether it is evenly 
mixed, only on the outside of the stool or if the specimen consists 
entirely of mucus 

1 Obtainable from Menasha Products Co Menasha Wis 
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7 Search for Gall Stones and Intestinal Worms — After the 
other examinations have been completed, filter the remaining fecal 
material through several layers of gauze, or better through a wire 
mesh strainer, with the addition of much water, using a wooden 
tongue blade to break up the firmer masses of feces Care must be 
used because gallstones arc easily broken Gallstones may be readily 
identified by their faceted surfaces, their partial solubility if ground in a 
mortar with chloroform, and the fact that they float in water Tests 
for the presence of cholesterol and bile pigments in the chloroform 
extract furnish positive confirmatory evidence but are rarely necessary 
To test for cholesterol add to 2 cc of the extract, 1 cc of acetic anhy 
dnde and o 1 cc of sulphuric acid A green color develops within 
ten minutes if the test is positive Filter the chloroform extract, 
evaporate in a dish and test for bilirubin with fuming mtnc acid 
(seep 356) 

After the ingestion of large amounts of olive oil, small round or 
bean shaped masses of soap and fat appear in the feces, these are easily 
mistaken for gallstones and formed the basis for the old practice of 
giving large amounts of olive oil in cases of cholelithiasis Enteroliths 
or intestinal concretions are occasionally, but rarely, seen Seeds and 
fibers will also remain on the strainer but are of no significance 

Large segments of tapeworms and the adult forms of some other 
parasites are often visible when the stool is passed Smaller segments 
and sometimes the adult small parasites may be found by washing 
the stool through a sieve Any specimens which are not definitely 
identified by gross examination should be looked at with a microscope 
or high power magnifying glass Identifying characteristics of worms, 
larvae and ova will be found under “E” in this section 

Sandhke granules or particles called intestinal sand may be found 
occasionally They usually consist of calcium phosphate and calcium 
carbonate and are most common after ingestion of large amounts of milk 
or bananas The presence of intestinal sand is of no diagnostic value 

8 Test for Diagnosis of Diarrhea and Constipation Give 
the patient a capsule containing 1 gm of powdered charcoal or a capsule 
containing 0 3 gm of carmin and note the time Ask the patient to 
bring in all stool specimens passed, m separate containers, noting for 
each the time at which it was passed The time from the ingestion of 
the carmin to the time of passage of the stool which is colored by the 
dye indicates the time for passage through the gastrointestinal tract 
A time over 48 hours indicates constipation and under 24 hours indi 
cates diarrhea 
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C Chemical Examination — i Reaction —This may be tested 
with red and blue litmus paper or, better, with Squibb* s mtrazme paper 
Report the approximate pH if mtrazme paper is used or as strongly or 
faintly acid, alkaline or neutral 

2 Blood — A chemical test should be performed on all stools 
examined as well as an inspection for gross evidence of blood The 
patient must be on a meat-free diet for at least 72 hours before a 
sample is collected for examination and positive tests due to ingested 
blood sometimes persist even longer The patient should not eat 
meat, fish, broth or gravies and should be given either one gram of 
powdered charcoal or 03 gram of carmin, in capsules, with the first 
meat free meal so that the corresponding stool may be recognized and 
subsequent stools sent for examination 

Technic The stool may be tested directly with ortho tohdme 
solution and hydrogen peroxide but small amounts of blood may be 
missed and occasionally false positive tests may be secured More 
accurate results are secured by the following technic Mix some of the 
more suspicious portions of the feces with water in a mortar (extract 
first with ether if much fat is present) and then acidify with 50 per cent 
acetic acid, extract with ether and test the extract with a few drops of 

1 per cent ortho tohdme in glacial acetic acid Benzidine may be 
substituted for the ortho-tohdine but is somewhat less satisfactory 
The ether extraction is just as necessary for accurate results with 
benzidine as wnth ortho tohdme 

Report blood as 1 plus if only a faint chemical test is secured, as 

2 plus if a deep green color appears immediately in the chemical test 
but the stool is not grossly bloody or tarry, as 3 plus if the chemical test 
is positive and there is gross evidence of the presence of blood, and as 
4 plus if the stool consists chiefly of bright blood or black tarry material 
giving a positive test for blood 

3 Bile Pigments and Urobilinogen —(a) Schmidt's Test— 'Rub 
up a small quantity of the stool with saturated (5 per cent) bichlonde 
of mercury solution and let it stand for 24 hours The urobilinogen 
normally present gives a red color, this will be absent in complete 
obstructive jaundice Unchanged bilirubin which is normally absent 
giv es a green color 

(b) Quantitative Defer mwiahou 0/ Drobihnogen (Sparkman 1 ) — (1) 
Principle — 1 he urobilin is reduced to urobilinogen by ferrous sulphate 
and sodium hydroxide with the aid of heat The aqueous solution of 
urobilinogen is separated from solid matter by filtration and after color 

1 Set references on p»ge 379 
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development by the action of paradimethylammobenzaldehyde in acid 
is compared with an artificial standard in the colorimeter 

(2) Technic — Weigh the stool specimen in its container and take 
up s gm of feces on a wooden tongue blade, determining the amount by 
difference m weight Emulsify this in a mortar with 100 cc of distilled 
water, adding small portions of the water at a time, mixing and trans 
f erring to a 250 cc Erlenmeyer flask Add a freshly prepared solution 
of 8 gm of ferrous sulphate in 40 cc of water and mix Add 40 cc 
of 10 per cent sodium hydroxide slowly while mixing Cork and 
shake vigorously Incubate in a water bath at 50° C for 15 minutes 
Remove and cool to room temperature and filter through Whatman 
No 2 filter paper To 5 cc of the filtrate in a test tube add 5 cc of 
distilled water, 03 cc of approximately 5N hydrochloric acid and 
1 cc of aldehyde reagent At the end of 5 minutes, read in a color 
imeter against the artificial standard which most nearly matches it 
in color 


/ \ i ix Reading of the standard w 4 . 

(3) Calculation R^dangoFThe^unknown X the factor = mg °' 
urobilinogen per 100 gm of feces Use the factor 630 if the strong 
standard is used, 185 if the intermediate standard is used, and 70 if the 
weak standard is used The results are usually reported in this form 
but if the 24 hour excretion is desired, it may readily be calculated 
from the total weight of the 24 hour stool 


(4) Reagents — The reagents and standards are the same as those used in the 
quantitative determination of urobilinogen in unne See page 357 

D Routine Microscopic Examination — This is a part of all 
routine stool examinations Wooden tongue blades or applicator 
sticks which may be discarded are convenient for transferring the stool 
Select portions, preferably those containing mucus, from several 
areas in the stool and emulsify a small amount with o 9 per cent sodium 
chloride solution Ideally this solution and the slides and cover slips 
to be used for this examination should be kept in the incubator so 
that they will be at body temperature Place a drop of material on a 
slide and drop a cover slip over it which may be rmged with vaseline 
if desired The low power or, better, the 8 mm objective should be 
used first and the higher powers later for positive identification 

Fats may appear as neutral fats, fatty acids, or soaps Neutral fats 
form yellowish flakes or droplets which stain red with Sudan III Fatty 
acids appear as flakes or needle like crystals, the flakes stain orange 
if a drop of a saturated solution of Sudan III m 70 per cent alco o 



EXAMINATION OF FECFS 


447 


is added to the mount Soaps appear as amorphous flakes or rounded 
masses simulating parasitic ova and do not stain Addition of acid 
and boiling liberates the fatty acids, which now take up Sudan III 
Starch granules stain blue on addition of a drop of Gram’s iodine solu 
tion Muscle fibers are >ellow, have square ends and transverse 
stnations Vegetable fibers arc often spiral but maj have various 
forms Vegetable cells have a double contour and some (Fig 17 ,f) 
are casil} mistaken for parasitic ova Vegetable hairs often resemble 
parasitic larvae, but reveal on closer examination a central canal which 
extends the whole length Fus cells, red cells, epithelial cells, and 
bacteria appear as elsewhere described Sec Tig 17 



To test for pancreatic dysfunction, give the patient one-half pound 
of liver and a capsule containing o 3 gm of carmin Examine the 
marked stool microscopically for nuclei 

E Intestinal Parasites 1 — 1 Collection of Specimens — The 
stool must be brought to the laboratory as fresh as possible and must be 
kept at bod> temperature until the examination is completed if amebae 
or flagellates are to be looked for Specimens containing mineral oil are 
unsatisfactory 

2 Amebae 2 — Rhizopoda or amebae are unicellular organisms 
progressing by pseudopodia and forming cysts In examining for these, 
select pieces of mucus from freshly passed stool and emulsify in a drop 
of warm o 9 per cent sodium chlonde solution Place next to it a drop 

1 PracUce on the stools o! dogs rats or monkeys if suitable human material is not 
available 

* Magath T B The Laboratory Diagnosis of Amebiasis JAMA 103 1218 (Oct 
*0) 1934 
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of lodine-eosin stam so that when the cover glass is dropped in place 
the two drops will run together Prepare the iodine eonn stain fresh 
daily by mixing 3 parts of 5 per cent potassium iodide in o 9 per cent 
sodium chloride saturated with iodine, with 1 part of saturated eosin 
in 09 per cent sodium chloride Examine at once on a warm stage 
under low power or, better, the 8 mm objective for objects resembling 
oil droplets and shift to high power for further identification If the 
slides, cover glass, and stool are prewarmed, a warm stage is not 
essential Look for the motile vegetative forms in the unstained 
portion In the iodine eosin preparation, most structures except 
amebae and cysts stain with eosin, while the cysts stand out as slightly 



Fic 18 — Endameba Histolytica Containing Ingested Red Cell X 4°° 

vellow objects with brown granules if glycogen is present and the nuclei 
are more readily seen than in unstained preparations 

The Endamcba histolvtica is the only parasitic araeba of imp or 
tance It must be differentiated from the non pathogenic Endolttrax 
nana, Iodameba wtlhamsn and Endatneba colt which frequently occur 
m the stools of normal individuals 

Motile stage Look for these in an unstained preparation of mucus 
from fresh liquid stool obt uned after giving a saline cathartic or y 
swabbing an ulcer through the sigmoidoscope The major differentiating 
characteristics are given in 1 able 34 If an ameba progresses rapi y 
across the field, contain*' red cells or extends long finger like pseudopo ia 
in the unstained preparation it is almost certainly Endatneba fttslo y tea 



Sire 20 to 40 micra 20 to 30 mien 1 6 to 12 mien 

Motiht) (Only of value in fresh Actively motile Pseudopodia are Less actively motile Pseudopodia 1 Sluggish Pseudo podia are rounded 

warm moist preparations) long and thrust out with explosive arc rounded distortions of outline < distortions of outline Progresses 
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(rig xS) The characteristics of the nucleus in iron hematoxylin 
stains are conclusive 

Cystic stage Look for these in stained preparations from formed 
stools when active forms have been few or atypical or when the patient 
is thought to be a earner 1 he large discrete sphencal mass of glycogen 
seen best in the iodine preparations differentiates Todamsba wilhamsn 
(buetschlu) from the other forms The number of nuclei may be 
counted by careful focusing and if over four proves that the cyst is not 
that of Endaincba histolytica The chromatin distnbution as seen 
in the iron hematoxylin preparations is the conclusive entenon for 
identification 

Do not confuse these with the more oval cysts of the intestinal 
flagellates which are frequently present but rarely cause symptoms 
Cysts of amebae and flagellates are most satisfactorily differentiated 
with iron hematoxylin stains, the technic (Kofoid) for which is as 
follows 


Make a thin smear of the feces with a paste brush (if not albuminous, add a little 
serum or egg white) Immerse before it dries in Schaudmn’s solution {do not let 
the film dry at any tune during the staining process ) After 30 minutes or longer, 
immerse successively m the following iodine alcohol for 5 minutes, 70 per cent 
alcohol for 5 minutes, 50 per cent alcohol for 5 minutes and water for a minutes 
Rinse with distilled water Stain as follows immerse in a per cent iron alum 
solution at 30* for 10 minutes, nnse with tap water for 5 minutes, rinse with dis 
tilled water 1 immerse in hematoxylin solution at 30° for 10 minutes, nnse with 
water, differentiate* in iron alum and wash well with running water for 15 minutes 
Dehydrate and clear by using the following 50 per cent alcohol for 5 minutes, 
70 per cent alcohol for 5 minutes 90 per cent alcohol for 5 minutes, first absolute 
alcohol for 5 minutes second absolute alcohol for 5 minutes, first toluol for 5 min 
utes, and second toluol for $ minutes Mount in balsam thinned with toluol 
A practical point is to allow the slides to remain in the 70 per cent alcohol until 
several have accumulated and run all through at one time 

Reagents (1) Weigert s hematoxylin is the best Make a 10 per cent solution 
of white crystals m absolute alcohol Let it npen for 3 months in sunshine The 
ripening can be hastened by adding potassium permanganate until it is a wine red 
color The solution used for stammg, made fresh each day, consists of 1 part of 
stain to 19 parts of water 

(a) Schaudmn s solution Mix a parts of saturated aqueous (6 per cent) mercuric 
chlonde solution with 1 part of absolute eth> 1 alcohol 


1 At this stage the smear may be dried and stained with Wright’s stain as directed on 
P 477 (Tsuchiya) , - ,, 

1 This is the most exacting part of the process and requires experience lor good results 
Dip the slides into the solution and immediately place under the microscope and examine 
the nuclei Repeat the process until the nuclei attain the proper appearance It usua ly 
takes from a few seconds to a minute or more The color should be a grey blue If too 
dark replace in iron alum and if too light replace in the hematoxylin 





Ova of the Common Intestinal Parasitic Worms 

AH are shown it a magnification of 40a to 0 oo diameters Note for all the doubly 
refracting sharply demarcated membrane which surrounds them and the tendency to 
brownish staining by the urobilinogen of the feces 

(t) Necator americanus ovum The characteristic features are the mulberry like 
central portion surrounded by a clear zone This central portion may be divided into , 4 
8 16 or more subdivisions 

( ) Diphyilobothnum latum ovum The characteristic feature is the operculum which 
may be seen by careful focusing and the large size with regular oval contour Some speci 
mens may show partial or complete separation of the operculum and this may sometimes 
be produced by pressing on the cover glass forcin'* out some of the contents of the ovum 

(3) Ascans lumbncoides ovum These ova show outside of the sharp double mem 
brane an irregular albuminous envelope which has a wavy outline and may be partially or 
totally losL 

(4) Tnterobius vermiculans ovum These ova are more often tightly packed inside of 
the worm itself or in scrapings from the perianal skui or under the finger nails than free in 
the stool By pressure on the cover glass they may be extruded from the worm and their 
morphology recognized Vote the clear area separating the central portion from the 
outline and the characteristic flaltemn 0 on one side of the otherwise elliptical membrane 

(5) Hymenolepis nana ovum The internal structure of this ovum can hardly be mis 
taken for any other 

(6) Tnchuns trichiura ovum The characteristic projections at either end and the 
clear cut structure- make this the easiest of all ova to identify 

(7) Taenia saginata ovum The characteristic feature of these ova is the radial 
stnation of the outer rim and the oval outline The ova of Taenia solium are almost 
identical in appearance except that they are more nearly spherical The ova of Taenia 
solium are so rarely found in this country that »t is a fairly safe rule when ova resembling 
this are found to call them ova of Taenia saginata 
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(3) Iodine alcohol 70 per cent alcohol made by dilution from 9s per cent alcohol 
saturated with iodine crystals 

(4) Iron alum 2 per cent solution of ferric ammonium sulphate 

3 Flagellates and Ciliates — Examine a moist cover slip preparation of fresh, 
warm fluid stool, obtained by catharsis if necessary These parasites are rather 
common but only rarelj produce active symptoms The mature forms progress 
rapidly across the field in unstained specimens but the morphological details 
necessary for their identification are best seen with dark field illumination after 
their activity has somewhat diminished The more important varieties with their 
chief differential characteristics are as follows 

(a) Trtchomonas hommis —These are 10 to 15 micra in length They are pear 
shaped with 4 flagellae of equal length at the blunt anterior end and an undulating 
membrane on one side A similar or possibly identical, organism, called the 
Trichomonas vaginalis is frequently found in the vaginal secretions m patients 
with leukorrhea 

(b) Chilomaslix mesmh — They vary in length from 13 to 24 micra This is a 
pear shaped organism having no undulating membrane and only 3 anterior flagellae 
Posteriori) it ends m a narrow tail like process 

(c) Giardt lamblta — These are 12 to 20 micra in length, pear shaped with a 
depression at one side of the anterior end about which are 3 pairs of flagellae The 
postenor end terminates in a pair of flagellae 

(d) Balantidium colt— These are oval, covered with cilia, actively motile and 
so large (50 to 70 by 70 to 100 micra) the) can scarcely be confused with other 
parasites 

Ameba and flagellates mav be cultured 1 but this is not as yet a practical method 
for diagnosis except in large laboratories 

4 Intestinal Worms or Entozoa — There are three classes the 
tape worms or cestodes, the round worms or nematodes, and the fluke 
worms or trematodes The diagnosis is made b> finding the whole 
worm or a portion of it on gross inspection or b> finding ova or larvae 
on microscopic examination It is often necessary to concentrate the 
ova if search of a direct smear is unsuccessful 

Recommended concentration technic Select several pea sized portions from 
different parts of the stool mix in a test tube with 5 cc of a 1 to 4 dilution of anti 
formin (sodium hydroxide s to io per cent in 10 per cent sodium hypochlorite), 
and warm but not to boiling Let it stand until cold add 2 cc of water and shake 
with 5 cc of ether Strain through one layer of gauze into a centnfuge tube and 
centrifugate one minute Four distinct layers form with the ova at the bottom 
Pour oil the fluid if much fecal matter remains in the sediment repeat the cen 
tnfugation after treating with dilute (1 to 3) hydrochloric acid and more ether 

Flotation concentration method Mix a large sample of the stool with about 
twice its volume of saturated sodium chloride solution in a 1 inch test tube Cork 

1 Kofoid C A and McNeil Ethel The Advantages of Locke s Blood Medium in the 
Culture of Parasitic Protozoa of the Digestive Tract Am J Hyg 15 315-317 (Jan ) 
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and shake vigorously until all particles are broken up Let stand in an upright 
position for i hour Touch the surface of the liquid with the mouth of a H inch 
test tube and transfer the adherent film to the surface of a slide and examine 
microscopically This method is unsatisfactory for operculated ova but is espe 
cially good for concentration of hookworm ova 

Locate ova under low power or, better, the 8 mm objective and 
identify them under the high power m a moist cover slip preparation or 
in a film of fecal matter dried on the slide and covered with oil All 
ova have a sharp outline with double refracting membranes See Fig 19 
and Plate VIII for the morphology The identification can be learned 
only by controlled practice It is a fairly safe rule that if in doubt as to 
whether an object in the stool is a worm or ovum, it is not The 
descriptions given below are for reference only, and need not be mem 
onzed More detailed descriptions will be found in special works on 
parasitology Report the form found and the stage as adult complete 
segments, larva, ova and approximate number on a scale of 1 to 4 plus 

(a) Ceslodes (tape worms) — These are segmented, hermaphroditic, 
ribbon shaped worms and have no alimentary tract The adult form 
and the larval form usually infest different hosts Segments of tape 
worms are called proglottides 

(1) Taenia sagmata, the beef tapeworm (common) 

Adult This occurs m the small intestines of man It is greyish 
white, ribbon shaped, may be 4 to 8 jards long, and is divided into 
thousands of segments about 5 mm wide and 20 mm long Portions 
may break off and be found in the stool or the whole worm may be 
passed after treatment It is very important to find the head Use 
the sieve technic if necessary If the head remains it will regenerate 
the whole w orm The head end is more slender 1-2 mm m diameter, 
than the rest and is surmounted by 4 suckers, but has no hooks To 
identify, a segment should be crushed between glass slides and it will 
be seen that the uterus has 1 5 or more arms 

Ova These are passed in enormous numbers They measure 35 
to 40 micra by 20 to 30 micra, have a definite rim or shell with radial 
stnations and are stained brown by the bile pigment in the feces 

Larval form This occurs in cattle The infestation occurs from 
eating insufficiently cooked beef from infected animals 

(2) Taenia solium, the pork tapew orm (rare) 

Adult This is similar to the beef tapeworm, except that it is 
shorter, that the head is surmounted by a crown of 24 to 28 hooks an 
that the uterus as seen in crushed segments has fewer arms T e 
segments measure about 5 by 10 mm 




Fio 19 — Parasites and ova 1 Endameba histolytica (X 200) 2 and 3 Taenia 

solium head (X 10) and ovum (X 400) 4 and 5 Taenia sagmata (X 10) and ovum 

(X 400) 6 and 7 Oxyuns vermiculans (X 10) and ovum (X 200) 8 and 9 Diphyllobo 

thnum latum (X 5) and ovum (X 200) 10 and 11 A sea ns lumbncoides (X n) and 

ovum (X 200) 1 to n redrawn after Hemmeter 12 Tncbuns ovum (X 400) 13 and 

14 Hymenolepss nana (X 1) and ovum (X 400) is Proglottis of Taenia sobum f X 2) 
16 Proglottisof Taenia sagmata (X 2) 17 Proglottisof Diphyllobothnum latum (X 2) 

12 to 17 redrawn after Schmidt and Strasburger 18 Trichinella spiralis also coiled in 
muscle (X 50) (after Claus) 19 Ovum of Unmans amencana X 200) Ova 7 14 
and 19 are colorless 3 5 9 n and 1 2 are yellow to brow n in color 
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Ova These are indistinguishable from those of Taenia saginata 
They tend to be more spherical 

Larval form These occur in the hog, and infestation results from 
eating partially cooked pork 

(3) llymcnohpis nana the dwarf tapeworm 

Adult This occurs in man and may also be found m rats and mice It is very 
small, a few mm to 5 cm in length and K mm in breadth 1 he head contains 4 
suckers and a rostellum of 24 to 30 hooks 

Ova These are passed intermittently and are 16 to 34 micra in diameter 
They have a characteristic appearance The small central part does not stain 

Larval stage This probably occurs in man also 

(4) Diphyllobolhriuin latum, the fish tapeworm 

Adult This occurs in the small intestine of man and dogs It 
is even larger than Taenia saginata or solium It may be 40 feet long 
The head has no hooklets, but a groove in its lateral surface The seg 
ments show a brownish rosette shaped uterus in the center and are 
usually broader (10 mm ) than they are long (5 mm ) 

Ova These are characteristic (70 micra by 45 micra), oval, with a 
cap or operculum at one end and mulberry like brown staining contents 

Larval form This occurs in fish 

(5) Taenia echinococcus, the dog tapeworm 

Adult form This occurs in the intestine of dogs It is 2 to 8 
mm long and usually has only 3 segments The head shows 4 suckers 
and a crown of hooks 

Larval form This occurs in man, sheep, ox, and pig The ova are 
swallowed and the larvae wander out of the intestine through the lymph 
channels, usually to the liver where they form cysts with daughter 
cysts inside They may be present in almost any organ The cysts 
removed at operation are identified by finding characteristic hooklets 
on microscopic examination of the sediment from the centrifugated 
cyst fluid These hooklets have in rare instances been found in the 
sediment after centrifugating spinal fluid in cases involving the central 
nervous system 

Blood serum may be collected when such cysts are suspected an 
sent to a large laboratory for performance of a complement fixation 
test for echinococcus disease 

(b) Nematodes or Round Worms —These have an alimentary tract, 
but no segments, are cylindrical and taper They are not hermaphro 
ditic and usually have no intermediate hosts The worms or ova may 
be found in the stool 
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(1) Ascans lumbrtcoides or large round worm 

Adult The female is larger, 20 to 45 cm long an( l about 5 mm 
thick The male is 15 to 17 cm long and 3 mm thick 

Ova These measure 60 by 45 mi era They have a thick shell 
The center is stained yellow and in perfect specimens has a wavy 
albuminous membrane about it This is, however, often partially or 
completely absent Infertile ova are less regular in outline and harder 
to identify 

(2) Enterobtus (Oxyuris) termtcularis , also called the pin worm, 
seat worm, or thread worm It is often seen on the surface of the stool 
as a white, thread like object 5 to 10 mm long and may be identified 



under the microscope by squeezing out some of the ova by pressure 
on the cover slip 

Ova These measure about 50 by 20 micra These have a small 
oval center which does not stain, and arc more easily found in the scrap 
ings from under the finger nails or from the pen anal folds than in the 
stool 

(3) Strangylotdes stercoraUs Larvae instead of ova appear in the stools Under 
the low power of the microscope they are readily recognized in a moist preparation 
by their active thrashing motion They are 250 to 500 micra long and are trans 
mitted bv contaminated water or vegetables Truit hairs and peach fuzz may 
resemble them but are non motile and the central canal extends to the tip instead 
of ending on one side as in the larvae (Fig to) The larvae also show an oval 
structure about 30 micra long just posterior to the middle 

(4) Tnchurts tnchiura, Tnchocephalus dispar or whip worms 

The adults arc thread like and about 3 to 5 cm long and are rarely 
seen in the stools 

Ova They measure about 50 by 20 micra These are oval, brown, 
and have characteristic button like nodules at either end 
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(5) Necator amcr teams, uncinana amencana or American hookworm 

Adults are about 1 cm long They do not appear in the stools, 

but are found in the upper part of the small intestine 

Ova These measure about 40 by 70 micra, and resemble mulber 
nes in the appearance of the brown staining internal segments which 
may be 2, 4, 8 or more in number 

(6) Ankylostoma duodenale, European or Old-World hookworm 
This is similar to the above, but the adults are larger and the eggs 
smaller (35 by 55 micra) 

(7) Trtckwella sptralts 

The adult male is about 1 5 mm long and the female 3 4 mm They 
infest man, the rat, and the hog Man is infected by eating improperly 
cooked pork 

Larvae (not ova) These burrow through the intestinal wall and 
are found coiled up in cysts in muscle removed for biopsy The 
removed tissue may be crushed between glass slides and exanuned with 
a 10 X magnifying glass or the low power microscope or, better, a good 
sized piece of muscle may be digested with pepsin and approximately 
N/10 hydrochloric acid and centrifugated and the sediment examined 
for larvae They are about 1 mm long Occasionally they may also 
be found from the sixth to the twenty -second day after infestation 
in the spinal fluid or in blood after laking with 5 volumes of 2 per cent 
acetic acid on centrifugation They rarely appear in the stool How- 
ever, if a saline cathartic is given during the early stages of the disease, 
larvae may often be found in moist cover slip preparations of thestool 

(c) Tremalodes or Fluke Worms — These possess an alimentary tract are leaf 
shaped, hermaphroditic and unsegmented They are more common m animals 
and in organs such as the liver or bladder than m the bowel of man 

(1) Optsthorchts feltneus, the cat fluke It occasionally infests man 

Adults These are yellowish red and measure 10 by 2 mm They are usually 
found in the gall bladder and bile passages 

Ova These measure about 30 by 11 micra They are oval, smaller than 
others and have a definite operculum at one end 

(2) Clonorchts sinensis This is a common parasite of cats, dogs, and man in 
China and Japan 

Adults They resemble the Opisthorchis felineus in shape and color but are 
slightly larger 

Ova These are operculated and measure 25 to 30 by 15 to 17 micra 

{3) Fnsctolopsts buski This is common in India, China, and Japan 
inhabits the duodenum of man, producing bloody diarrhea 

Adult It is the largest of the flukes, measuring 30 by 10 mm 

Ova These measure about 135 by 80 micra The operculum is very sma 
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(4) Schistosoma hematobium (Bilharzia hematobia) This organism lives m 
the veins of the bladder producing inflammation and hematuria The ova are dis 
charged m the unne 

Adults Unlike other trematodes except Schistosoma mansom and japomcum, 
there are two sexes The male measures 14 b> 1 mm, and has a longitudinal 
ventral groove in which the female lies The female measures 20 by o 25 mm and is 
c>lmdncal 

Ova These are 120 to 190 micra long by 50 to 70 micra broad and are oval, 
not operculated, with a terminal spine 

(5) Schistosoma mansom (Bilharzia mansom) This fluke lives in the portal 
vein and its tributaries, and the ova are found in the feces 

Adults These resemble the adults of S hematobium but are shorter, the male 
being 10 to 12 mm and the female 12 to 16 mm m length 

Ova These are about the same size as those of S hematobium but have a 
lateral instead of a terminal spine and are found in the feces not m the unne 
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A Routine Examination — This consists of a red cell count, hemo 
globin estimation, white cell count, differential count, stud} of a stained 
smear, calculation of the color index and a sedimentation rate deter 
mination If anemia is found, the reticulocyte count and volume and 
saturation indexes should be determined 

i Collection of Blood — (a) Capillary Blood — With this method 
pipettes, diluting fluids, and slides for smears must all be taken to the 
patient as well as lancet, cotton and alcohol The finger or ear chosen 
for the puncture must be free from edema, congestion, or inflammation 
and the skin through which the puncture is made must be dean and 
dry One should avoid using an ear on which the patient has been 
lying, or the finger of a hand that has been hanging over the edge of the 
bed Alcohol is usually used to sterilize and dean the skin over the 
point of puncture, but time must be given for all excess to evaporate or 
the drop of blood will spread out m a thin la> er and the proteins will be 
coagulated, making it impossible to draw the blood into the pipette 
The puncture should be made by a quick stroke of a sharp lancet 
Adjustable spring lancets are satisfactory or a good substitute may be 
made by sticking the blade of a cataract knife or Bard Parker lancet 
through a cork into the 70 per cent alcohol bottle so that it protrudes 
on the mside a distance corresponding to the desired depth of the punc- 
ture The puncture should be sufficientl} deep to cause a free flow of 
blood without pressure or manipulation These precautions are abso 
lutely essential to accurate results but are seldom observed, hence 
venous blood is greatly to be preferred 

(b) Venous Blood — Only a dry, not necessarily sterile, 10 cc 
syringe with sterile needle, a tourniquet and a corked test tube con 
taming 2 mg of dry potassium oxalate per cc of blood to be drawn, 
need to be taken to the patient in addition to the cotton and alcohol 
After sterilizing the skin over the cubital vein with alcohol, apply a 
tourniquet just tight enough to distend the vein and have the patient 
clench his fist, draw the skin tense over the vein with the thumb of the 
left hand and at once with a quick thrust of the needle enter the vein 
Draw up the desired amount of blood by slow traction on the plunger 
Release the tourniquet, have the patient release his fist, press a pledget 
of cotton moistened in alcohol firmlv over the puncture and quic y 
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withdraw the needle from the vein Have the patient or an assistant 
hold the pledget firmly over the puncture to prevent a subcutaneous 
hematoma Rapidly remove the needle from the end of the syringe, 
since forcing blood rapidl> through the needle may cause hemolysis, 
transfer the blood to the test tube containing oxalate, replace the cork 
in the test tube, turn it to a horizontal position and shake it vigorously 
by tapping the end of the test tube with the right hand Wash out the 
blood from the sjnnge and needle with cold water at once as this is 
much easier to do than later after the blood has clotted 


j The Advantages of Oxalated Venous Blood and a Uniform System of Hema- 
tologic Methods 1 — (a) l Large dumber oj Ilematologic Methods May Be Done on 
Oxalated Venous Blood 


Table 35 — Hematologic Methods V nicu May Be Pebtoriied ov Oxalated Blood 



Accurate if 
done within 

(1) Hemoglobin esUmation 

24 hours 

(2) Red cell count v 

24 hours 

(3) Platelet count 

l hour (?) 

(4) Red cell volume 

3 hours 

(5) Color index 

24 hours 

(6) Volume index 

3 hours 

(7) Saturation index 

3 hours 

(8) Icterus index 

4 hours 

(9) Van den Beigh lest 

4 hours 

(10) W'hite cell count 

24 hours 

(1 1) Making the smear for differential count 

1 hour 

(12) Peroxidase test 

3 hours 

(13) Fragility test 

3 hours 

(14) Sedimentation rate 

3 hours 

(15) Reticuloc>te count 

24 hours 

(16) Paul and Bunnell test 1 1 

24 hours 

(17) Serologic tests for sjphilis 

24 hours 

(18) Blood grouping 

24 hours 


* Thu tad Ibe following te*l« are better done on serum but occasional ! j oxalated blood is alrea i 7 
av liable and the pat ent is not at hand 


1 Osgood E E Hemoglobin Color Index Saturation Index and \ olume Index Stand 
ards (Based on the findings in 137 ^oung Men) Arch Int Med 37 68S-706 (May) 

Ojgood r E and Haskins II D Relation Between Cell Count Cell Volume and 
Hemoglobin Content of \enous Blood of Normal \oung Women Arch Int Med 
39 &} 3 -f>SS ( x *»y) »9*7 

.if 0 ? 1 * It * Haskins HD andTrotman F F A Uniform System of Hematologic 
Methods for Use with Oxalated \ enous lUood J Lab &. Clin Med 16 476-494 (Ftb) 

W introbc M M Blood of Normal \oung Women Residing m a Subtropical Climate 
1 . S it . 45 t Feb ^ *93° This article gnes the literature on the use of 

oxalated H>o*l 
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(b) The Convenience of Doing ike Methods Is Greater — (t) Only a syringe 
stenle needle, tourniquet, test tube containing oxalate, cotton and alcohol need be 
earned to the patient 

(2) The estimations do not have to be made immediately and if there is a sus 
picion of error they can be repeated without the embarrassment of returning to the 
patient for more blood 

(3) If blood is desired for a Wassermann coagulation time, or for blood chem 
istry tests, no extra puncture is necessar> 

(4) If dunng the study of the blood further hematologic work is deemed desir 
able it may be done on the same sample 

(5) If an unusual or interesting blood picture is encountered, as many slides 
as are desirable can be made for future reference or for teaching purposes without 
again disturbing the patient 

(6) If the smear is made and sent along for staining and examination, blood can 
be mailed considerable distances to a central laboratory for expert examination 

(c) The Accuracy Is Greater — (1) Larger quantities of blood may be used for 
the hemoglobin estimation, insuring more accurate results 

(a) Time is allowed for making measurements The haste necessary to prevent 
clotting as when capillary blood is used, tends to cause inaccuracy 

(3) Errors (which are avoidable, but seldom avoided) due to manipulation or 
constriction of the part, to local edema or congestion, common to the use of capillary 
blood are completely done away with D rocker has shown that in order to get 
accurate results on capillary blood a sufficiently deep wound must be made to cause 
at least three drops of blood to flow without any manipulation whatsoever, and that 
the first two drops must be discarded Anyone who has tried to tram medical 
students or technicians knows how few of them actually observe these essentials for 
accurate counting If these precautions are observed, counts agreeing with those 
on venous blood are obtained 

(4) Duplicate estimations can be run on the same sample, which serve to 
increase accuracy, show up poor technic and poor methods, and allow one to form 
an opinion of the accuracy being attained 

If the work is done by technicians questionable results can at any time be 
checked on the same sample of blood By having them occasionally run a senes 
of estimations on the same sample they learn their experimental error and can be 
encouraged to reduce it New technicians or students can be taught to repeat 
results on the same sample until they consistently agree within the desired bnuts 
Hematologic work can be sent to a central laboratory and its accuracy can occasion 
ally be checked by dividing a well mixed sample between two tubes and either 
sending in one and examining the other or sending in both tubes with different 
labels and noting how the results agree 

(d) Normal Values Rave Been More Carefully Slandardt ed on Venous Blood , 
and many who have compared it with capillary blood prefer it 

(e) It Is Less Disagreeable to the Patient— (1) Venipuncture is less painful than 
puncture of the ear or finger 1 Twenty of 28 students who were asked, expressed 
a preference for venipuncture to finger or ear puncture 

1 Root H F Thompson J W and White R R Some Relations Between the Con 
centration of Blood Corpuscles in Venous and Capillary Blood and the Blood Pressure 01 
Diabetic Patients J lib and CUn Med 11 406-412 (Feb ) 1926 
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(2) One puncture suffices for serologic hematologic, and blood chemical tests 

3 Answers to Objections to the Use of Venous Blood —(a) Venipuncture is 
not practical on all patients This is valid and the older methods should be used 
on certain children and obese patients with small veins 

(b) The quantity of blood removed will harm the patient This is a myth 
If 5 cc of blood were withdrawn daily for ten days, and no regeneration occurred 
but the blood volume returned to its previous value, the hemoglobin percentage 
would theoretically be about 1 per cent lower than on the first day Normal daily 
variations far exceed this 

(c) Patients object to it This is very rare The method has been in routine 
use in many hospitals, dimes and offices for ele\en years with satisfaction to all 
concerned Patients objections to venipuncture have not prevented the steady 
increase in the number of hospitals and clinics in which a serologic test for sjphilis 
is a routine procedure 

4 Methods and Precautions for Usmg Venous Blood — (a) 
Prepare a month’s supply of test tubes, containing 2 mg of drj potas 
sium oxalate per cc of blood to be taken, b> measuring into each, with a 
burette, o 1 cc of 2 per cent potassium oxalate for each cc of blood to be 
taken and evaporating this to dryness in a drying oven or over a 
radiator Keep the tubes corked and in baskets labelled with the 
amount (5, 10, 20 cc) of blood for which they were prepared See 
Table 23, p 422 Five cc of blood is sufficient for the “routine” 
hematologic examination and 10 cc for a complete examination 

(b) Draw blood from the vein by the usual technic, but the tourm 
quet should be released if more than two minutes are required for 
securing sufficient blood, since the red cell count begins to increase 
after three minutes of stasis 

(c) Remove the needle from the sjrmge before running the blood 
into the oxalate tube as hemolysis will result if the blood is forced 
through the needle 

(d) Cork the test tube, never use cotton, and at once shake vigor 
ously b> holding the test tube horizontally in the left hand and tapping 
the other end with the right hand 

(e) The blood must be thoroughly mixed in this manner for 30 
seconds immediately before samples are withdrawn for any test 

(f) Samples should be taken, directly from the test tube, not from 
blood poured out on a slide or watch glass 

(g) The tube must be kept corked at all times when not in 
use 

(h) The time limits noted (see p 459) should be observed if the 
most accurate results are desired, although as a rule a slightly longer 
time will not introduce clinical error 
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5 Hemoglobin Estimations ‘—For small laboratories where 
less than 8 to 10 estimations per day are done, the Haskins Sahli 1 2 
method is recommended Tor larger laboratories, the Osgood Haskins 3 
method, as modified bj the author is recommended * 

All hemoglobin estimations should be reported in grams per 100 cc 
and the method used should be stated Otherwise the great \anation 
(13 8 to 17 3) m the number of grams of hemoglobin taken as 100 per 
cent in different methods and the enormous differences m the accuracy 
of the methods will make correct interpretation of the results impossible 

In all acid hematm methods it is important that the directions call 
for heating the standard Otherwise, the color continues to change 
Some methods include a correction for time but it is difficult to make 
readings alwajs at a constant time after the dilution is made and the 
process of full color development requires 24 hours at room tempera 
ture Furthermore, time is not the onl> variable affecting the rate of 
color development The concentration of acid and of hemoglobin 
and differences in room temperature also influence this rate of develop 
ment In all instruments depending on the Sahli principle it is essential 
that the tubes containing the standard and those containing the 
unknown have exactly the same internal diameter and that the pipette 
represents a volume exactly o 01 of that at the 100 per cent mark on the 
calibrated tube Errors as high as 25 per cent have been found in the 
calibration of some instruments on the market It is prohibitively 
expensive for manufacturers to calibrate individually the solid glass 
rods or discs, whereas, it is perfectly feasible to spend several weeks 
accurately testing the color value of a liquid standard So methods 
employing liquid standards are recommended for laboratories which 
are not equipped to reralibrate glass standards against a gasoraetnc 
method 

(a) Haskins Salih Method s — Haskins has prepared a standard solu- 
tion for the Sahli apparatus that has the right color and is permanent 
It contains only inorganic salts and has not changed in a period of 
sixteen years 


* Schwentker T T The Estimation of Hemoglobin A New Hemoglobmometet 

J Lab and Clin Med 15 247-259 (Dec ) 1929 This article contains the most complete 
bibliography on hemoglobin methods yet published . 

Haden R L Hemoglobin Standards Am J Clm Path 3 85-95 (Jan / . 

* Haskins H D and Osgood E E Methods of Estimating Hemoglobin Northwest 

Me *Osgool° < E 50 E * and Haskins H D A New Permanent Standard for Estimation of 
Hemoglobin by the Acid Hematm Method J Biol Chem 57 107-1 10 (Aug ) 19 3 

1 The P appamtus is obtainable from the Shaw Surgical Co Portland Oregon Each 

apparatus is tested for accuracy of calibration of pipettes and graduated tuDes 
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(1) Principle A known amount of blood is treated with an excess of hjdro 
chloric acid which com erts the hemoglobin to acid hematin The intensity of the 
brown color of the acid hematin is proportional to the amount of hemoglobin 
present and therefore, can be compared to a standard of known value The reac 
tion between the acid and the hemoglobin is not immediate, it requires at least 
4 hours at room temperature to become complete If the mixture is heated, the 
reaction is completed in 7 minutes at a temperature of 55 to 6o° C The tempera 
ture must never be higher because the blood proteins will be precipitated 

The permanent standard, when at 20° C , has the same color bv transmitted 
light as a blood containing 13 8 grams of hemoglobin per 100 cc when it is diluted 
exactly to the too mark m a Sahli tube 

(2) Tcchmc Put N/s hjdrochloric acid in the graduated tube 
about to the 10 mark Deliver exactl) 002 cc of blood with the 
Sahh pipette as quickl> as possible into the solution and uttx at once 
b> tapping the tube vigorous!) See that there are no dots Draw 
the solution into the pipette twice blowing it out into the tube, then 
rinse the tip with a drop of N/5 hjdrochloric acid Place the tube in 
water at 55 to 60 6 C for seven minutes Longer heating does no harm 
In that length of time the full acid hematin color is developed Cool 
the tube and dilute graduall) with 2\/s hjdrochlonc acjd mixing after 
each addition of acid until it matches the standard Use a dean copper 
wire with a loop at the end as a stirring rod Make the reading from 
the graduated tube Use a fraction of a drop of capr)hc alcohol to 
cut an> foam present If in doubt as to the end point, add another 
drop of acid, mix and again compare If it is now too pale the end 
point hail been reached Note the temperature of the room in the 
vicinit) of the standard If it is 20° C no correction is ncccssar) , at 
higher temperatures the standard becomes darker, due to increased 
h>drol>tic dissociation and under estimation results Tor each degree 
above 20° C add one hundredth part of the Sahh reading and for each 
degree below 20° C deduct one hundredth part Tor example, with 
the standard at 22° C an estimation reads Si per cent, corrected it 
becomes 82 6 per cent 

The Haskins Sahh method casil) gives results with less than 5 per 
cent error in routine work, when the specifications mentioned above 
arc met 

(3I keagcnls N/5 h) drochlonc sad dilute 0 cc of C P acid to 500 cc. with 
disiiUeti water 


(b) Osgood llasktns Method — This is an acid hematin method, using 
an ordmarv colorimeter and a permanent standard 1 which contains 
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only inorganic salts and has not changed in sixteen years It is espe 
cially suited for use u ith oxalated venous blood, although blood from the 
finger or ear can be used It is especially useful when man> estimations 
are to be made in one day It is comparable 1 to the much more 
difficult oxygen capacity or blood iron methods in accuracy but requires 
less than five minutes time per estimation 

(1) rnnciple The method depends on the conversion of hemoglobin to acid 
hematm as in the preceding method and matching with a permanent standard in a 
colorimeter 

(2) Technic Measure exactly 1 cc 2 of well mixed oxalated blood 
into a 100 cc volumetric flash* containing about 40 cc of distilled 
water 4 After Jaking has occurred, add about 50 cc of N/s hydro 
chloric acid* while mixing, and dilute to the mark If there is foam, 
cut it with a drop of ethyl, not caprylic, alcohol Mix thoroughly 
and pour part of the solution into a test tube Heat the tube m a 
bath at 55 to 6o° C 8 (hot tap water) for 7 minutes (or longer), and cool 
Estimate with a colorimeter, setting the permanent standard at 15 mm 
When 3 or 4 readings have been made, take the temperature of the 
standard at once by inserting a clean dry thermometer m the liquid 
in the colorimeter cup 

Calculation In Tables 36 and 37 svhich are furnished also with 
the standard read the per cent in the proper temperature column 


and dissolving since feme sulphate of uniform color value is not obtainable Standard 
solution (checked by Dr E E Osgood) can be secured from Hynson Westcott and Dun 
ning Baltimore or from the Shaw Surgical Co , Portland Oregon 

1 Dowden, C W McNeill C and McNeill J D A Clinical Study of Blood Iron and 
Hemoglobin J Lab and Clin Med 19 362-371 (Jan ) 1934 

Andresen, Marjory I and Mugrage E R Red Blood Cell Values for Normal Men 
and Women Arch Int Med 58 136-146 (July) 1936 

* It is desirable to have the pipettes graduated to contain 1 cc to the tip for each can 
then be stood up in the 100 cc flask to dram while the next pipette is filled and the water 
from the siphon bottle delivered through it into the flask thus rinsing out the remaining 
blood and insuring accurate measurements without the necessity of care m observance of 
the rate of flow and drainage time , . 

*If less blood is available dilute o J cc in a 50 cc flask In marked anemia dilute 
1 cc of blood to 50 or 25 cc and divide the calculated results by 2 or 4 respectively If 
finger or ear blood is used measure exactly o 05 cc into exactly 2 43 cc of water (previously 
measured into a series of test tubes which are kept tightly corked) rinsing the pipette 
as in the Sahli method when laked add exactly 2 5 cc of N/ 5 hydrochloric acid 

4 The use of two overhead siphon bottles of 2 liter capacity to contain distilled water 
and N/s hydrochloric acid speeds up the measurements A 5 cc variation is unimportant 
(the N/s hydrochloric acid may be 45 to 55 cc) A measuring device may be inserted 
into the siphon tract fit a length of 1 inch glass tubing with stoppers a two hole stopper 
at the top connects with the siphon and with an air vent tube a one hole stopper at tne 
bottom connects with a glass tube (and rubber tube) for delivery There must be a P““i 
cock above to control inflow and below for outflow Graduate for 50 cc. (and 25/ y 
measuring water into the tube and making marks with a file or grease pencil 

s A constant temperature bath (55-58 ) is desirable if a large number of estimations 
are being made 
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Table 36 — Determination of Per Cent Hemoglobin ^-(Continued) 



opposite the average mm reading, 1 interpolating when necessary 
Convert the per cent figure into grams per 100 cc of blood by using 
Table 43 (p 489) 

An error of over 2 per cent is unusual in routine work and, with 
research care, it can be held within 1 per cent 

Instead of being heated the acid hematin solutions may stand at 
room temperature 24 hours, or even several days before being estimated 

1 If the colorimeter reading is higher than 20 4 mm divide it by 2 and look up the per 
cent ua the table and then divide by 2 A better method is to make a fresh preparation 
of acid beraatin diluting to 50 or 25 cc instead of to 100 cc , the calculated result is tnen 
divided by a or 4 
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Table 37 — Hemoglobin Table for Higher Temperatures 


Colorimeter 

reading 

j Temperature of tVie standard 

37 S 1 38 5 | 

39 5 S | 3< S 


28 S | 29 S* j 30 S j 3* 5 

I 1 

1 1 1! 1 1 1 1 1 













466 


LABORATORY DIAGNOSIS 


Table 36 •— Deteruivation op Per Cent: IIeiioglobin — (Continued) 


Colorimeter 

reading 


»3 7 
13 8 

13 9 

14 0 
<4 I 
14 a 
*4 3 
'4 4 
*4 5 
14 6 
'4 7 
14 8 

14 9 
>5 o 
<3 a 
U 4 
13 6 

15 8 

16 o 
16 2 
16 4 
16 6 

16 8 

17 0 
17 a 
17 4 

17 6 

17 8 

18 O 
18 2 
18 4 
18 6 

18 g 

19 0 
19 1 

ip A 

19 6 

IP 8 


Temperature of the standard 





D 

a 

a 


S 

B 

a 

a 

n 

77 0 


9 9 

8. 4 

82 

«4 5 

86 

88 

89 

or 

93 

7 95 2 

76 4 

77 8 

79 ; 

80 

Si 

83 

85 

*7 

89 

9i 

91 

] 94 7 

75 8 

77 3 

78 

80 

81 

83 ; 

84 

86 

88 1 

90 

93 4 94 0 

75 3 

76 7 

78 

79 

81 ; 

82 1 

84 

86 

88 

89 

91 

s 93 4 

74 6 

76 I 

77 6 

9 

80 

82 2 

83 

85 

87 

89 

1 9i 

93 8 

74 0 

75 S 

77 1 

78 6 

80 

81 

83 

84 

86 

88 

90 

91 9 

73 3 

75 0 

76 6 

8 1 

79 

Si i 

83 7 

84 4 

86 

87 

89 

pi fi 

73 0 

74 5 

76 

77 

79 

80 

82 

6j 1 

85 

87 

89 

91 I 

72 S 

74 0 

75 4 

76 9 

78 4 

So 0 

8r < 

«J 3 

84 

86 

ss 6 go s 

72 1 

73 5 

74 9 

76 3 

77 8 

79 4 

81 0 

82 ( 

84 3 

86 

88 

89 9 

71 6 

73 0 

74 4 

75 1 

77 

78 8 

80 4 

82 0 

83 7 

SS 

87 

89 3 

71 3 

72 

73 

75 

76 

78 

79 

81 

83 

85 

86 


70 8 

73 

7J 

74 1 

6 

77 

79 1 

80 

82 

84 . 

86 

87 p 

70 2 

71 6 

73 0 

74 4 

75 ! 

77 3 

78 

80 4 

82 

83 

8S 4 87 4 

69 1 

70 6 

72 0 

73 4 

74 

76 3 

77 7 

79 3 

81 0 

82 ; 

84 


68 4 

69 

71 

7* 

73 1 

75 : 

76 

78 4 

80 

Si 

83 


67 4 

6S f 

70 

71 4 

72 ! 

74 ; 

75 

77 ; 

79 

80 

82 


66 s 

67 9 

6g 

70 4 

71 9 

73 3 

74 8 

76 4 

78 0 

79 6 

81 


65 f 

67 1 

68 4 

69 7 

71 0 

7* 4 

73 « 

7S 4 

77 0 

78 6 

80 3 81 9 

64 9 

66 2 

67 

69 2 

70 1 

7* 5 

72 9 

74 S 

76 1 

77 ; 

79 4 81 1 

64 1 

65 3 

66 

63 6 

69 3 

70 6 

72 0 

73 6 

75 2 

7 6 8 

78 


63 3 

64 6 

65 8 

67 1 

68 4 

69 7 

71 3 

72 7 

74 3 

75 8 

71 

79 1 

61 6 

63 t 

65 2 

66 s 

67 t 

69 i 

70 4 

71 p 

73 4 

74 9 

1b 


61 p 

63 1 

64 4 

6s 6 

66 9 

68 1 

69 6 

71 0 

72 4 

74 0 

75 

77 * 

61 1 

63 3 

63 6 

64 t 

66 l 

67 4 

6S 8 

70 2 

71 7 

73 2 

74 

76 J 

60 3 

6r t 

62 9 


65 : 

66 6 

67 9 

69 3 

70 8 

72 3 

73 


59 d 

60 9 

61 2 

63 4 

64 6 

6S 8 

67 0 

68 S 

70 0 

71 S 

73 0 

74 $ 

59 0 

60 a 

61 4 

62 7 

63 

6S 1 

66 4 

67 8 

69 1 

79 7 

73 




60 1 

6j 

63 3 

64 5 

65 8 

67 0 

68 3 

69 8 

71 


57 9 

39 0 

60 3 

61 3 

63 5 

6J 8 

65 0 

66 3 

6; 7 

69 1 

70 

7* 3 

57 2 



60 7 

61 

63 I 

64 3 

65 7 

67 1 

68 S 

69 


36 6 



60 1 

61 3 

63 3 

63 5 

64 9 

66 3 

67 7 




57 0 

58 3 

so 4 

60 6 

61 7 

61 7 

64 1 

65 5 

66 9 

68 4 


SS 3 

56 4 


S8 ! 

59 1 

61 0 

62 0 

63 3 

64 7 

66 2 

67 7 


54 7 

SS 8 


S8 1 

59 3 

60 2 

6r 3 

63 6 

64 0 

6s S 

67 0 


54 1 

55 3 



S« 5 

59 7 

60 9 

62 3 

63 6 

64 9 

66 3 





56 8 



60 3 

61 6 

62 8 

64 3 

6s 5 




55 3 



58 5 

59 7 

60 6 

62 1 

63 4 



53 5 

S3 6 

54 6 

SS 7 

56 8 

57 9 

59 1 

60 3 

61 6 

62 8 



51 5 

S3 S 

53 6 

54 6 

55 6 

56 7 

57 9 

59 0 

60 2 

61 S 




opposite the average mm reading, 1 interpolating "when necessary 
Convert the per cent figure into grams per 100 cc of blood b> using 
Table 43 (p 489) 

An error of over 2 per cent is unusual m routine work and, with 

at 

room temperature 24 hours, or even several dt before being 

1 If the colorimeter reading is higher than to 4 n*' by 2 an< * 

cent m the table and then divide by 2 A better a 

of acid hematin diluting to 50 or 25 cc instead of , "V 

divided by 2 or 4 


research care, it can be held within 1 per cent 

Instead of being heated the acid hematin solutions may stand 
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Table 37 — Heuoclobiv Table for Higher Temperatures 
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They must be shaken well before filling the colorimeter cup since acid 
hem t tin “solution” is a suspension 

The modified method, (C) below, is recommended for routine use, 
as it requires less time and there is less chance of contaminating the 
permanent standard 

Preservation of the standard Keep it in a Pyrex flask, corked 
tightly with a rubber stopper from which the powdered, material has been 
removed by boiling m dilute sodium hydroxide and vigorous scrubbing 
The standard, after being used, is stored in a second flask Before 
the main stock is exhausted, check used standard against it by making 
estimations of the same acid hematm preparation with each If they 
agree, pour the used standard into the other flask and use it again 
If the used standard has become contaminated, it will usually be off 
color as well as give incorrect readings If it seems to be incorrect, 
filter it Recheck the setting of the colorimeter, and then check the 
filtrate before deciding to discard it With reasonable care, no change 
in the solution occurs during months or years of repeated use 

(c) Modified Osgood Haskins Method 1 — This is recommended for 
laboratories making more than io hemoglobin estimations per day 
It involves the use of acid hematm as a standard but since it is used for 
only one week, there is no detectable change in its value 

(i) Technic Make a careful estimation by the original Osgood 
Haskins method (p 463) on the first blood obtained Heat to develop 
the full color and keep the entire 100 cc sample of acid hematm in a 
brown bottle labelled with the per cent of hemoglobin found, the 
temperature of the permanent standard, and the colorimeter reading 
corresponding to it (e g , 1115 per cent at 115 mm and 255 
C) 2 

For the rest of the week use this as the standard, shake to secure 
uniform suspension before using, place it in the standard cup and set 
at the same reading as that noted on the bottle (e g , n 5 mm ) The 
temperature of the standard is not taken, since the color of the acid 
hematm does not vary 

Calculation Use the same table as for the original method, finding 
the per cent hemoglobin opposite the mm reading m the same tem 
perature column as that marked on the bottle containing the acid 
hematm standard 

1 Osgood E E Haskins II D and Trotman F E A Simplification of the Osgood 
Haskins Hemoglobin Method J Lab &. Clin Med x6 482-486 (Feb ) 1931 

* If the reading obtained involves interpolation e g 100 S P er cent at 10 55 mm a 
x6 a find the same per cent figure elsewhere in the table e g 100 s per cent at x r 5 mm ana 
20 s and note these figuxes on the label on the bottle 
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By this modified method much time is saved and one lot of 50 
cc of permanent standard can be kept in good condition for a >ear 
or more Twenty-five estimations can be made in 50 minutes or less 
The maximum error m routine work is not over 4 per cent 


(d) Van Slyke s Gasomelrtc Methods — These are the most accurate of all 
methods now in use They are of value for research work and for checking other 
methods, but are unsatisfactory for clinical laboratones because the technic is very 
exacting and too much time is required for an estimation The principle of the 
older oxygen capacity method 1 is the measurement of the amount of oxygen fiber 
ated when fully oxygenated hemoglobin is changed to raethemoglobm by the action 
of potassium ferncj amde and is exposed to a partial vacuum It has been found 
that x8 s cc of dry oxygen measured at o° C and 760 mm of mercury will be 
liberated if 100 cc of the blood contains 13 8 grams of hemoglobin 

The newer carbon monoxide method, 1 using the manometnc apparatus, is the 
most accurate The principle involved is the measurement of the amount of carbon 
monoxide liberated from blood saturated with the gas when it is exposed to the 
action of an acidified femcyanide reagent and a partial vacuum It has been 
determined that hemoglobin combines with equivalent quantities of carbon mon 
oxide and oxygen 

(e) The Acid Ilemaltn Method of Cohen and Smith — This involves the use of a 
colorimeter and the preparation (about once a month) of a standard solution of 
acid hematin The latter is made by first estimating hemoglobin in a sample of 
fresh blood very carefully by Van Slyhe s method and then preparing from the 
blood (by dilution and treatment with hydrochloric acid) a rather concentrated 
acid hematin solution of exact strength This is kept in the icebox A more 
dilute solution is prepared every few days for use in the colorimeter The method 
is very good but requires an expert to make the standard solution It is quite 
suitable for research work, if the investigator is competent to secure accurate Van 
Slyke estimations 

(f) The Original Sahlt Method — This is an acid hematin method, using a com 
parator for color matching and an acid hematin standard The ordinary type of 
Sahli apparatus is worthless because the acid hematin used as the standard fades 
too rapidly Other color standards have been used by manufacturers but not even 
the colored glass standards have proved satisfactory A reading of 100 on the old 
Sahli was supposed to indicate a hemoglobin content of 17 3 grams per 100 cc 
The glass standards have varied hemoglobin equivalents and some of them cor 
respond to a different hemoglobin content from that claimed for them by the 
manufacturer 

When a correct standard solution is used in the Sahli the estimations are sur 
pnsingly accurate under certain conditions These conditions are the inside 
diameter of the graduated tube and of the tube containing the standard solution 
must be the same and the Sahli pipette and graduated tube must be accurately 
marked These specifications can be met without unreasonable extra expense 


The Determination of the Gases of the Blood 


1 V an Slyke D D and Stadie W C 
I Biol Chem 40 1-4J 1911 

* Van Slyke D D and IMJer. Alma Gasometr.c Determination of Hemoglobin by the 
Carbon Monoxide Capacity Method J Bvol Cbem 78 807-810 (Aug ) ipig 
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(g) The Tallqvist Method —This is very easy Simplv place a drop of blood on 
the white blotting paper furnished and, as soon as the gloss is off, match it by 
reflected light with the lithographed scale, ioo per cent indicates 13 8 grams of 
hemoglobin per 100 cc of blood It is extremely inaccurate, errors of 30 per cent 
being common 

(h) The Dare Method — A thin film of blood is drawn by capillarity between 
the ground glass and dear glass plates and compared by means of transmitted 
yellow' light with a circular wedge of red glass which is rotated till it matches the 
blood film The percentage of hemoglobin is read off directly, 100 per cent is 
supposed to correspond to x6 gm m the newer instruments and to 13 8 grams of 
hemoglobin per 100 cc of blood in the older models 

The readings secured are often very inaccurate, errors of 30 per cent are not rare, 
and, considering the expense of the apparatus the method is not preferable to the 
Tallqvist 

(1) The hcjicomtr Method — In the Newcomer method a disc of yellow glass is 
placed on one side of the colorimeter or is built into a colorimeter and is matched 
with an acid hematin solution The method is more accurate than the Dare and 
Tallqvist but the color is so pale that a match is difficult and deviations of plus or 
minus 1 2 per cent may be obtained from the average for the particular disc and some 
of the discs differ sigmficanth from the value of 16 92 gm per 100 cc which is 
supposed to correspond to 100 per cent in this method Therefore new discs 
should be checked by a senes of estimations on oxalated blood, the hemoglobin 
values of which have been determined by the Van SI) he or Osgood Haskins method 

0 ) /l Method Using the Photelometer 1 — This method has undergone rapid 
development and further improvements are to be expected It is worth} of 
investigation by those interested in methods of research accuracy or in charge of 
very large laboratones, but it offers few advantages over methods (b) and (c) lor 
these purposes 

Any photoelectric colonmeter may be used for hemoglobin estimations pre 
paring the acid hematin as directed for the Osgood Haskins method and calibrating 
a curve on semiloganthnuc paper by use of acid hematin solutions, the hemoglobin 
equivalent of which has been determined by the Osgood Haskins method 

(k) The Baden Hauser Method — In this method an acid hematin solution pre 
pared in the white cell diluting pipette is compared with a wedge shaped glass 
standard It is convenient and more accurate than the Dare and Tallqvist methods 
but has the errors inherent in all acid hematin methods in which the full color is not 
developed by heat or by standing at least 24 hours before reading and the additional 
errors that are built into the white cell diluting pipettes Even the Bureau of 
Standards allows a considerable error in pipettes bearing its certificate 

( l ) Blood Iron Method 1 — A number of methods have been suggested for the 
determination of blood iron This is actually a determination of the hemoglobin, 3 
because hemoglobin contains o 33s per cent of iron and there is only about o $ mg 


1 Sanford A II Sheard C andOsterberg A E The Photelometer and Its Use in the 
Clinical Laboratory Am J Clin Path 3 405-420 (Nov ) 1933 _ 

* Kennedy R R Quantitative Determination of Iron in Tissues J Biol onem 74 

Wong S Y Colorimetric Determination of Iron and Hemoglobin in Blood J Biol 
Chein 77 409 (May) 19 28 , „ . 

* Myers V C and Eddy Helen M The Hemoglobin Content of Human Blooa 
J Lab & Clin Med 24 502-511 (Feb) 1939 
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of iron present in 100 cc of plasma The method is almost as accurate as the Van 
Slyke and Osgood Haskins methods It is easier to do than the oxygen capacity or 
carbon monoxide combining power but considerably more difficult than the Osgood 
Haskins method Hence it is easier to determine hemoglobin by the Osgood 
Haskins method and multiply the result in grams by 3 35 to get the blood iron in 
mg per 100 cc The principle involved in the blood iron method is to digest 
the hemoglobin with perchloric 1 or persulphuric acid oxidize the iron to the ferric 
form produce the reddish feme thiocyanate and compare with a standard in the 
colorimeter Detailed directions are given in the references 

6 Red Cell Counting — Oxalated \enous blood is recommended 
for all cell counting because it eliminates most of the sources of error 
involved in the use of capillary blood, it permits the checking of results 




Fic 21 — Neubauer ruling Tig 22 — Improved Neubauer ruling (cen 

tral area only) 

on identical portions, and it gives results on the same blood specimen 
is that used for hemoglobin, and cell volume determination 

It is desirable that the counting chamber and pipettes be tested 
by the Bureau of Standards 

(a) Techmc — The slide and pipettes must be clean and dry before 
being used There must be no trace of grease or hnt on the counting 
chamber or the cover glass These are to be washed with soap and 
luke warm water, then dried with a clean soft cloth that is free of 
lint, a freshly laundered old linen handkerchief is ideal Place the 
cover glass in position over the ruled area and a little back from the 
edge of the slide Inspect the pipettes to see that the capillary tube 
contains no dirt or old blood and that they arc dry enough so that the 
glass ball in the bulb wilt roll freely Till a small watch glass with the 
diluting fluid to be used Ilav c cv cry thing in readiness before draw mg 
the blood if capillary blood is used 

* Should not be used becauie of danger of explosion 




47 2 LABORATORY DIAGNOSIS 

If using oxalated blood, hold the tube almost horizontal and 
vigorously tap the bottom with the fingers for at least 30 seconds 
to mix the blood completely, then tip the tube so that blood runs 
almost to the mouth, insert the tip of the pipette and draw blood 
up to or just beyond the o 5, or if a Ion count is expected to the 1 o, 
mark See Table 8 for the errors that result if only a small number 
of cells arc counted 

If using capillary blood, dean the skin where the puncture is to 
be made with alcohol, using the tip of the finger or the lobe of the ear 
m adults, in small children the toe or heel When the skin is dr\, 
make a quick stab with the lancet, deep enough to draw 4 or 5 drops of 
blood without pressure Wipe off the first 3 drops and as soon as the 
next drop of blood collects, draw it quickly into the pipette exactly to or 
slightly beyond the desired mark Hold the pipette horizontally, wipe 
the excess blood off the tip with adean, dry towel and adjust the blood in 
the capillary to the mark by stroking the tip with the finger or with some 
non absorbent surface such as thin rubber Since absorbent material 
takes up the plasma more rapidly, the cells are concentrated when such 
material is used to draw the blood down to the desired mark This error 
in technic may result m counts as much as 500,000 too high After the 
blood column is adjusted, carefully wipe the outside of the tip to remove 
any material adhering to it When using capillary blood, work speedily 
so as to get the blood diluted before dotting begins 

Hayem’s solution should not be used since it tends to give low 
counts 

Draw in Toisson’s diluting fluid with the pipette in an almost hori- 
zontal position, at the same time mixing the blood with the fluid by 
semi rotations of the pipette, rolling it betw een the thumb and finger 
When the liquid is near the top of the bulb, raise the pipette to a 
vertical position allow ing the air to pass out of the bulb and slowly fill 
to the mark Keep the pipette m a horizontal position until the blood 
is uniformly mixed Close the tip with the finger, Link the rubber 
tubing over the end of the pipette or remove it entirely and hold it 
with the thumb Shake 1 it for two minutes, but do not shake m the 
direction of the long axis of the pipette, also do not revohe the contents 
in one direction only Shaking the tube m the long axis may, by 
centrifugal force, throw cells into the capillary tube and thus remove 
them from the diluted portion Revolving the pipette m one direc 

1 A satisfactory mechanical shaker is obtainable from the Braun Koecht Heimann Co 
San Francisco or from the National Appliance Co Portland Ore 
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tion onlv mav also concentrate the cells in the outer portion of the 
mixture 

While the blood is still well mixed, make the mount Blow out 
and discard at least 2 drops Wipe off the tip with absorbent material, 
blow out 2 more drops, then wipe off the tip with non absorbent 
material, and then touch the tip of the pipette to the central platform 
of the slide at the edge of the cover glass and let the space fill b> capil 
lanty When it has flowed three fourths of the way across, withdraw 
the pipette because enough liquid will be left to fill the space If 
air bubbles are present, clean the slide and co\er glass more carefully, 
then make another mount after shaking If liquid has overflowed 
into the grooves of the slide, make another mount The fluid should 
flow smoothly across the chamber without any jerks or stops Its 
flow may be regulated with a finger over the upper end of the pipette 
as in using ordinary chemical pipettes 

Place the slide on the stage of the microscope immediately and 
locate the ruled area Allow 3 minutes for settling of the cells, then 
examine with the low pow er or, better, the 8 mm objective for complete 
settling and uniformity of distribution, if the cells are unevenly dis 
tnbuted, make another mount after thorough shaking of the diluted 
blood Lower the condenser a little, reduce the light b> means of the 
diaphragm until the ruhngs and the red cells are seen most distinctly 
An 8 mm objective is best for counting red cells, but the 4 mm (high 
power) may be used Never use the low power because the cells 
appear so small and close together that omissions and duplications are 
almost certain 

Count 1 5 groups of 16 small squares Most use the diagonal 
squares from the upper left hand to the lower right hand corners, but 
the four corners and one of the center squares are equally satisfactory 
If the count is less than 300, count enough more squares to bring the 
total above this figure or, better, count another mount and average the 
totals If an uneven distribution is suspected, keep the totals of each 
group of 16 squares separate These should not differ by more than 
20 cells The error depends more on the total number of cells counted 
than on the area (see page 172) 

Rule for cells lying on boundary lines For each individual square, 
count only those cells m contact with the left hand and upper boundary 
lines, but not those touching the right hand and lower lines In the 
improved Neubauer ruling (Levy) there is a double line bordering 

1 Use of a hand tally such as a Veedor counter is a great convenience in large labors tones 
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each block of 16 small squares The actual boundary is not the inner 
most of the two lines but a shady line which can be seen by proper 
focusing midwaj between the twro engraved lines, count only those 
cells in contact with this mid line 
Calculation 


Blood taken Red blood cells per cubic millimeter 


o j Cells per small square X 800,000 or cells per 100 squares X 8000 

Average total cells per 80 small squares X 10,000 
r o I Cells per small square X 400 000 or cells per too squares X 4000 

I Average total cells per 40 small squares X 10 000 


Each small square has an area of one four hundredth square mm , 
and the liquid has a depth of o 1 mm Therefore, one four thousandth 
of a cubic millimeter of diluted blood lies above the small square but, in 
terms of undiluted blood, the volume is 1/400,000 if a 1 in 100 dilution 
is made b> drawing blood up to 1 o mark or 1/800,000 of a cubic 
millimeter if a 1 in 2 00 dilution is made by drawing blood up to 05 
mark 

(b) Apparatus — (1) Counting chamber, preferably the Lev)’ Neubauer ruling 
with Bureau of Standards certificate The older type which has the ruled area on a 
separate piece of glass cemented to the slide is perfectly good but must be handled 
more carefully Organic solvents such as alcohol or ether must not come in contact 
with it, and the slide must not be exposed to heat or sunlight 

The counting chamber should be wiped dean and dry as soon as the count is 
finished If a clean dry doth is used and care is taken not to touch the ruled area 
with the fingers or anv greasy object, it is not necessary to wash the slide each time 

(2) Cover slip The heavy type especially designed for blood counting Cham 
bers is the one to use The Bureau of Standards certified cover slips are most satis 
factory because they are perfectly ground and thus give a uniform depth to the 
Counting chamber 

(3) Pipettes The Thoma type with Bureau of Standards certificate is recom 
mended The Trenner automatic type is a great convenience since the capillary 
fills with exactly the right amount of blood thus eliminating the necessity of 
adjusting it to the mark but these pipettes are likely to break at the point where the 
bulb is fused on to the capillary The chief objection for use with capillary bloo 
is the rather large amount of blood required A smaller size is being constructed to 
obviate this 

To clean the pipettes, first draw water through them preferably with a suction 
pump If blood is dotted in the capillary, dislodge it with a horse hair or sti 
fine suture material In some cases to remo\e the blood completely, it may be 
necessary to draw in 10 per cent sodium hydroxide, let it stand a while and then 
draw through it water dilute acid, and more water Water is removed by succes 
sive use of 9,5 per cent alcohol and ether A single dehydrating agent may be use 





HEMATOLOGIC METHODS 475 

if pure acetone or C P anhydrous methyl alcohol is available but these are expen 
sivc for the purpose Remove the vapor completely 

(c) Reagents — (i) Diluting fluid Toisson’s solution is recommended for the 
following reasons Its specific gravity and viscosity are such that the cells are kept in 
suspension for several minutes, thus allowing plenty of time for making the mount, 
without danger of altering the cell distribution The stain which it contains 
colors the white cells so that they are not included in the red cell count When the 
white cell count is high, especially m association with anemia the inclusion of the 
white cells with the red cells during the count may produce gross errors In 
leukemias the white cell count may be made m the same mount as the red cells 
by counting the stained cells in 100 squares and using the same factor for calculation 
as for the red cells 

The solution used for diluting is made up fresh each week or two from concen 
trated stock solutions as follows 5 parts of concentrated Toisson s solution 10 
parts of distilled water, and 1 part of o 2 per cent alcoholic methvl violet Any 
precipitate that forms on standing should be filtered off 

Concentrated Toisson s solution Dissolve 4S grams of sodium sulphate 
crystals and 5 grams of sodium chlonde in 160 cc of water filter, add to the filtrate 
170 cc of C P glycerol and dilute to 350 cc This solution remains perfectly dear 
and free of molds indefinitely 

7 White Cell Counting — (a) Technic — Every step and pre 
caution used in the red cell count applies equally to the white cell 
count with the exceptions that a different pipette and diluting fluid 
arc used Very high white counts, such as occur in some leukemias, 
may be counted as described above under the red cell count, or the 
blood may be diluted with the white cell diluting fluid in the red cell 
pipette The usual method of enumeration may be used for the high 
counts but the red cell ruling (central portion of the slide) is preferable, 
especially when the white cell pipette is used for dilution 

Count the dark dots representing the stained nuclei of the white 
tells, the cytoplasm of the white cells becomes transparent and the 
red cells arc destroy cd by the acid in the diluting fluid It is customary 
to count the four large squares each 1 square mm in area and con 
taming 16 medium sized squares, at the corners of the ruled area 
(lig 21) Uniformity of distribution is not expected The S mm 
objective is preferable for counting, but the low power may be used if 
the count is not too high If there is any doubt about the identification 
of the dark dots, use the higher power, the nuclei have a somewhat 
granular appearance at a certain focus and in the Iobocytcs (poly 
morphonuclears) are lobulated 

Calculation The large square has an area of i square mm , the 
depth is o 1 mm , the dilution is x m 10 or r m 20, therefore, the liquid 
over each square contains \\ O o or *<>oo cubic millimeter of the original 
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blood See the table below for the factors to use in the calculation 
The accuracy depends on the total number of cells counted 


Blood taken 

White blood cells per cubic millimeter 

0 5 

1 0 

0 s la red cell pipette 
t 0 in red cell pipette 

Average number of cells per large square X 200 
Average number of cells per large square X 100 
Average number of cells per large square X 2000 
Average number of cells per large square X 1000 


(b) Rcagenli — (i) Diluting fluid (3 per cent acetic aad) Dilute 15 cc of 10 
per cent acetic acid with 35 cc. of distilled water and add 1 drop of 1 per cent aque 
ous methylene blue Prepare a fresh solution each week 

8 The Preparation and Study of Stained Smears — The differ 
ential white cell count is made by spreading blood in a thin film on a 
clean slide, fixing it and staining with a good differential stain, such as 
Wright’s modification of the Romanowsky stain The slide is then 
examined under an oil immersion lens and the white cells classified 
as seen until 200 have been counted 
(a) The Essentials for Making a Good 
Smear Are — (1) A clean unscratched 
slide If the slide is new, a thorough 
washing with soap and water, rinsing 
well in water before drying and polishing 
with a cloth may be sufficient Old 
slides should be washed first in alkali, 
then in acid, rinsed thoroughly, and 
^ Ic 23 finally dned with a soft cloth If 

grease spots are not removed by this technic, use alcohol 

(2) A small drop of unclotted, well mixed blood should be placed 
far enough from one end of the slide to allow room for a label White 
marking ink is now available which may be used instead of a label or 
the slide may be labelled with a carborundum penal if it is to be kept 
permanently The size of the drop should be such that the smear 
extends almost, but not quite, to the end of the slide 

<3) The slide should be laid on a firm surface, such as a table top, 
a second slide brought in contact with it at an angle of 6o° and pulle 
back until it touches the drop, then pushed across the slide, drawing the 
blood behind it w ith an even, steady, moderate pressure (Fig 23) Slow 
movement produces a thin smear, rapid, a thick one, thus one may 
regulate the thickness by the rate of movement of the smearing slide 
(4) As soon as the slide is smeared, it should be allowed to dry 
completely in the air (not heated or waved in the air) 
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(b) The Crtlenafor Judging a Good Smear Are — (i) It should have 
a smooth even appearance free from “holes” “Holes” indicate 
grease spots on the slide and show that the slides have not been thor- 
ough^ cleaned Marrow contains fat so that such holes cannot be 
avoided in making smears of marrow obtained by sternal puncture 
Transverse and longitudinal streaks, or a wavy appearance are due to 
a jerky uneven motion of the smearing slide This is overcome by 
putting the slide on the table to smear instead of trying to hold it in 
the hand 

(2) The smear should not extend to either end of the slide Avoid 
this by using a smaller drop of blood 

(3) The smear should not be too thick Under the microscope, 
at least at the thin end of the smear, the red cells should not touch 
each other but be evenly spread If too thick it will not dry rapidly 
enough andthe red cells will be clumped together and crenated and many 
lobocvtes (polymorphonudears) will appear similar to small 
ly mphocy tes Av old this by moving the smearing slide more slowly 

(4) The nucleated cells should be distributed evenly throughout 
the smear and not concentrated at the ends or edges Avoid this by 
holding the smearing slide at an angle of 6o° or more from the 
horizontal 

(c) The Essentials for Good Staining Are — (1) The use of a good 
stain Wright’s modification of the Romanowsky stain is probably 
best It is purchased as small tablets from various manufacturers 
These arc ground up and 10 cc of absolute anhydrous methyl alcohol 
is added for each tablet (o 050 gram) used The mixture is shaken 
and allowed to stand 24 hours or longer and it should then be filtered 
before use, as not all of the stain dissolves Trcsh stain should be 
made up frequently, at least once a month preferably oftencr, and 
filtered as often as precipitate forms Laboratories using large quan 
titles of \\ right's stain may to advantage use dry powdered stain 
(made by the National \mlmc and Chemical Co ), dissolving 170 mg 
in 100 cc of C V anhydrous methyl alcohol and let it stand 24 hours 
with occasional shaking then filter 

(2) The stain must be well corked to prevent evaporation of alcohol 
and taking up of moisture 

(3) The slide, 1 held horizontally, is well covered with stain and 
allowed to stand for i minute During this period the methyl alcohol 
in the stun fixes the cells 


• \ w*t pencil »urk tntmtnely acros* the *lide about one half inch from the end at 
tkeduSt ««*« »»» hold the »tain back and leaxe a clean place for holding 
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(4) Without pouring off the stain a sufficient number of drops of 
Mcjunhin’s 1 buffer phosphate pH 6 4 is added and mixed by tilting 
the slide bach and forth to produce a glossy sheen on the surface The 
buffer phosphate solution is a mixture of 73 cc of M/15 monopotassium 
phosphate solution plus 27 cc of M/15 disodium phosphate solution 2 
In an emergency, distilled water may be used instead of the buffer 
phosphate, but is not nearly so satisfactory Leave the phosphate 
stain mixture on the slide for the time period determined by trial, 
which gives the best results with the particular stain used This is 
usually about 4 minutes, but vanes from 45 seconds to 15 minutes 
according to the age and quality of the stain Old stain requires 
longer and the Wright’s stain now available requires a much longer 
staining penod than the stains which were available jo or 15 years 
ago 


Table 38 — Identification or Cells Containing Neutbopiul Granules* 


Nucleoli 

Nucleus 

Name of cell 

Numberf 

Present 

Round or oval 


68 


Round or oval 

Neutrophil granulocyte 
(Neutrophil myelocyte) 

70-73 


1 Bean or kidney shaped 

Neutrophil metagranulocyte 

(Neutrophil metamyelocyte) 



Curved rod 

Neutrophil rhabdocyte 
(Neutrophil staff cell) 

76-79 


Lobed or segmented 

Neutrophil lobocyte 
(Polymorphonuclear) 

80-85 


* If the granules are scarce big and blue or the cytoplasm contains vacuoles or is bluer than 
normal they are toxic neutrophils (87-93) but are classified otherwise as In the table 

t The numbers refer to the illustrations of the cells in Osgood E E and Ashworth. Clance M 
Atlas of Hematology Pp iSS / W Stacey Inc ban Francisco i9ST from «’ hich *■“* ’ 
reproduced by permission of the copyright owners 


(5) As soon as the staining time is up, do not pour off the stain 
but, holding the slide level, float it off with running water and wash 
thoroughly with running tap water for at least 30 seconds Wipe 
the bach of the slide with a piece of paper towel 


1 Mcjunkm F A A Benzidine Polychrome Stain for Blood J A M A , 74 *7 
(January 3) inao , 

*The buffer may be prepared by dissolving 663 gram3 of Merck s j 

phosphate and 2 56 grams of Merck s anhydrous disodium phosphate m I liter 01 ai 
water Add about 1 cc of chloroform as a preservative 
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(6) The slide maj then be blotted carefully with smooth filter 
paper, but it is better to stand it on end on a paper tow el, leaning against 
the wall, until it is air-dried 

(d) The Criteria for Judging a Good Slam Are — (i) If, on washing, 
the film fails to stick to the slide, it is a sign of poor fixation, due either 
to too thick a smear, to too short a time of fixation, or to too much 
moisture having been taken up by the stain from letting the bottle 
stand uncorked 


Table 39 - 

-Identification of Cells Containing Eosinophil Granules 

Nucleoli 

Nucleus 

Name of cell 

Number* 

Present 

Pound or oval 

Eosinophil piogranu\oc> te S 
(Eosinophil promj elocyte I) 

93-94 


Round or oval 

Eosinophil granuloc} te 
(Eosinophil m>eloc>te) 

95-96 


Bean or kidne> shaped 




Curved rod 

Eosinophil rhabdocjte 
(Eosinophil staff cell) 

100-102 


Lobed or segmented 

Eosinophil loboc> te 
(Eosinophil polymorphonuclear) 

103-105 

• The numbers refer to the lllustrat on* of the cell* in Osgood E E and Ashworth Clarice M 
Atlas of Hematology Pp »ss J W Stacey Inc San Franc sc© 1937 from which this table is 
reproduced by pe mission of the copyright owner* 

Table 40 — Identification of Cells Containing Basophil Granules 

Nucleoli 

Nucleus 

Name of cell 

Number 

Present 

Round or oval 

Basophil progranulocy te S 
(Basophil promyelocy te I) 

107-108 


Round or otal 

Basophil granuloc} te 1 

(Basophil m} elocj te) 

109-110 

Absent 

Bean or Lidnej -shaped 

Basophil metagranulocyte ! 

(Basophil metam} elocj te) 

■" 

Curved rod 

Basophil rhabdocj te 
(Basophil staff cell) 



I-obed or segmented 

Basopbd lobocj te 
(Basophil polymorphonuclear) 



The number* refer to the ill itr»t n* of the cel!* , n Oigood E E end Aihworth Cfence M 
MUi ot Hematology Tp * SJ J W Stacey Inc. San Frano.co »«7 from which thu table li 
i«pto 4 uce 4 by pmom on of the copyright owner* 
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Table 41— Idevtiticatiov or Cells Covtaivisc Iso Gra voles 



The number* rr(»r «o tb« illuitntioni of the c*Ui In Osgood E E end Aihworth Clince M 
Allas of Ihnuttl'tr I*r *JJ J W Stacey Inc *Un Pr»ncuco 1037 from which th ■ table it 
ttptofl crd by yetm snow of tYe copyright oVT.rrs 

t May or m»y not contain hcmogtiUru Other nucleate 1 cell* never contain hemogtotnn 
S Bomet m*g two or more nuclei in o e <e 1 

(a) The red cells should be stained orange or buff colored If 
normal red cells stain bluish or greenish, the fault is usually due to 
the use of water instead of buffer phosphate, to contamination of the 
buffer phosphate with alkali or it may be due to oacrstaming and the 
time should be decreased Chcrstaimng or precipitate on the slide 
ma> be corrected by treating the stained smear with 90 per cent ethyl 
alcohol saturated with \\ right’s stain (o 2 per cent) 1 and washing with 
w atcr 

‘ t/sr-ilcr. K A b' °f ' «rv»L!c Factor* In the tic of the \\ njdit > SUin 
lot Med 7 (Vf>? } ifljS Th? method dr«nl*d in this article is nlhlaC 

lory f r rout.ne uw but it especially i aluable for mtalninR old and faded or poorly mined 
ptef arabons * ’ 
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freeing the segments into the blood stream In one half to one hour 
these will have entered other red cells and be starting the cycle over 
again These segments are called merozoites and correspond to the 
hyaline form The chill begins a few hours after the first segments 
appear The pigment set free in the blood stream is taken up by the 
monocytes, hence the presence of an increased number of monocytes, 
man> of them containing brownish pigment granules, is very suggestive 
of malaria A diagnosis of malaria, however, should not be made 
without finding the parasite 

(6) Sexual forms These are called gametes, and are often extra 
cellular They are much less numerous than the intracellular asexual 
forms known as schizonts which have just been described Detailed 
descriptions of these will be found in texts on parasitology They are 
round or oval and larger than the asexual forms 

(c) Double Tertian Malaria — In this form, two stages of the 
plasmodium vivax arc present at the same time 

(d) Quartan Malarial Parasite , or the Plasmodium Malanae — This 
has a life c\clc of 72 hours It is the rarest form of malaria 

(1) The h> aline and ring forms are similar to those of the tertian 
parasite 

(2) The >oung pigmented forms differ from the tertian in that the 
pigment is in coarse clumps at the periphery of the organism and the 
red cell is not enlarged They are seen 24 hours after the chill and ha\e 
a tendency to assume a band form 

(3) The adult form appears on the third day It is smaller than 
the tertian parasite and almost completely fills the red cell which is 
normal or shrunken m size The c> toplasm of the red cell is darker 
than normal instead of paler as in the tertian t}pe The pigment 
remains at the periphery of the organism Schueffner's granules are 
not seen in quartan infections 

(4) The segmented form There are 6 to 12 segments (usually 8) 
which rupture the red cell just before the chill They are often grouped 
in a regular rosette or daisy pattern The pigment now clumps in the 
center or in star like radiations 

(5) The sexual forms differ from those of the tertian type only w 
the more peripheral distribution of pigment and their smaller 
size 

(e) The Tropical or Eshvo autumnal Malarial Parasite Called the 
Plasmodium Falciparum — This is less common than the tertian and 
more common than the quartan type It has a variable life cycle 
{resulting in daily chills or chills at irregular intervals 
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(1) Only the early stages of the schizonts appear in the peripheral 
blood stream They are ring or signet ring in form and similar to the 
tertian ring forms but differ from the other lorms m that there is greater 
tendency for two or more parasites to occur m a single red cell 

(2) Older parasites may bt found in blood taken from 
the spleen, or sternal marrow but segmented forms rarely 
appear m the peripheral blood 

(3) Sexual forms These may be found m the peripheral 
blood from about the seventh day after infection, and may 
persist even after all fever has subsided They are more 
numerous than the sexual forms of other malarial parasites 
and have a characteristic ovoid or crescentic shape which is 
diagnostic of this type of malaria 

Note Stained blood smears on slides without cover slips 
may be preserved for several years Immersion oil is 
removed by pouring benzol over the surface and wiping it 
off gentlv with the side o * the hand or, better by placing a 
strip of lens paper over the slide, pouring the benzol on it, 
and pulling it off parallel with the plane of the slide The 
slide method is much simpler and more satisiactory than the 
cover slip technic 

B Special Hematology — 1 Red Cell Volume Deter- 
mination This should be done in all cases of anemia 

(a) Technic — Into a volume index tube 1 (Fig 24) place about 4 cc of 
well mixed oxalated blood* and centrifugate at over 3000 revolutions per 
minute for about 2 minutes Stop the centrifuge and read the total 
volume of blood, estimating hundredths of a cubic centimeter This 
step sn the procedure allows an accurate determination of the volume 
of blood taken, before evaporation has taken place Then continue 

1 These may be prepared by sealing off with heat the tip of a 10 cc Mohr pipette 
graduated to the tip cutting it off above the 6 cc mark so that the capacity is approxi 
mately 4 cc and recalibrating it More perfect tubes containing 4 5 cc and calibrated in 
O I cc may now be secured from the Arthur II Thomas Co I hiladelphn The tubes* 
are supported in a brass centrifuge tube holder by two rubber stoppers one m the bottom 
of the holder indented to receive the tip of the tube and the other bored to fit the upper 
part ol the centrifuge tube and flanged or glued in to prevent its being forced down into 
the holder during centrifugation or the upper part of the tube may be wrapped with rubber 
bands 

Wifitrobe has also developed a atisfactory volume index tube which may be u ed as a 
sedimentation tube as well 

* It » important to have exactly 2 mg of oxalate per 1 cc of blood in the blood for a 
volume index determination because of the variation m red cell volume with changes in 
tonicity of the plasma There 15 a decrease of about 3 s per cent hi the volume of the red 
cells due to this amount o! oxalate but since the normal standards given in this book, were 
obtained with the same techmc no corrections are necessary It 13 necessary to make 
corrections when comparing results by this method with results on bfoods with which an 
isotonic anticoagulant solution was used 
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the centrifugation over successive ten minute periods, noting each time 
the volume of the packed red cells, until two successive readings show 
no further decrease in the volume This centrifugation to constant 
volume, not for a constant time period, is absolutely essential if cell 
volume, not cell sedimentation rate, is to be determined From the 
figures obtained, calculate the volume of packed red cells per ioo cc 
of blood as follows cubic centimeters of packed red cells divided by 
cubic centimeters of blood multiplied by ioo 

2 Calculation of the Color, Volume, and Saturation Indexes — 
Consult Chapter VI for discussion and interpretation of these indexes 
and for the method of calculation of corpuscular hemoglobin, volume 
and hemoglobin concentration 

(a) Color Index — An accurate red cell count and hemoglobin 
estimation on the patient’s blood and normal standards for the patient’s 
sex and age group are necessary for the calculation Five million is 
taken as ioo per cent red cells for both sexes and the average normal 
hemoglobin coefficient is taken as ioo per cent hemoglobin Since 
the hemoglobin coefficient is in grams per ioo cc it is necessary to 
convert the patient’s per cent figure to grams for comparison Then, 
by the definition of the term “color index,” it is necessary to convert 
both red cell count and hemoglobin into per cent of the normal standard 

The patient’s red cell count divided by five million and multiplied 
by ioo, or expressed as millions and multiplied by 20, gi\ es the patient’s 
percentage of red cells for use in calculation of indexes The patient's 
hemoglobin percentage divided by 100 and multiplied by 13 8 if the 
Haskms Sahli or Osgood-Haskms methods were used gives the grams 
of hemoglobin per 100 cc of blood If another hemoglobin method 
is used, substitute for 13 8 the number of grams of hemoglobin per 
100 cc of blood that is 100 per cent in the method used This figure 
divided by the normal hemoglobin coefficient of 14 7 for men, 14 3 for 
women, or 12 o for children and multiplied by 100 gives the patient’s 
per cent hemoglobin for use in the calculation of the color index 


Per cent hemoglobin 
Per cent red cells 


= Color index 


Tables 43 and 44 and chart II on pages 489 to 494 greatly simplify 
these calculations 1 An example of their use is given 

1 Osgood E E Tables for Calculation of Color Index Volume Index and Saturation 
Index Based on Recently Determined Standards J Lab and Clin Med , n 899-9°° 
(June) 1927 The table chart and exceipts from this article are here reproduced by per 
mission of the C V Mosby Company St Louis Mo 
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Tame 43 — SiurunsD Cmcvlatios or Indexes ~-(ConUnu«r) 



The average figures for ted Cell count hemoglobin estimation and volume of packed tei ceU* ip the 
senes of healthy men that we recently reported are indicated in the tab e by ** and the lowest ana 
highe t Values found are ind cated by S milady the averages and extremes o' variation Jouna in me 
study of the bloods of too healthy young women are indicated by tt and t respectively 
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Table 44 — Simplified Calculation Op Induces in Children 


■ 

8 Children 

9 

■ 

8 Children 

9 

Per 

Hemoglobin 
grama per 
too cc 

Volume of 
packed cells 

Per 

Hemoglobin 
grams per 

100 cc 

\olume of 
packed cells 
per 100 cc 

JO 

* 20 

3 

60 

66 

7 92 

33 

76 

11 

I 3a 

3 

06 

67 

8 04 

21 

13 

12 

I 44 

4 

33 

68 

8 16 

21 

48 

13 

I 56 

4 

68 

69 

8 28 

24 

84 

14 

I 6$ 

S 

04 

70 

8 40 

as 

30 

IS 

1 80 

s 

40 

71 

8 S3 

as 

s6 

16 

I 03 

s 

76 

72 

8 64 

as 

02 

17 

3 04 

6 

12 

73 

8 76 

a6 

38 

IS 

3 16 

6 

4* 

74 

8 88 

26 

64 

10 

3 38 

6 

84 

7 S 

9 OO 

27 

00 

30 

3 40 

7 

20 

76 

9 ia 

37 

36 

ai 

a S3 

7 

Si 

77 

9 24 

27 

72 

21 

3 64 

7 

93 

78 

9 36 

2! 

08 

as 

a 76 

* 

2B 

70 

9 48 

28 

44 

*4 

a 83 

8 

64 

80 

0 60 

28 

80 

as 

3 00 

9 

00 

81 

9 72 

39 

16 

26 

3 ia 

9 

36 

82 

0 84 

20 

S3 

87 

3 34 

9 

7a 

*3 

9 96 

39 

88 

as 

3 36 

10 

08 

84 

10 08 

30 

34 

30 

3 48 

10 

44 

8s 

10 20 

30 

60 

30 

3 60 

10 

So 

86 

10 32 


06 

31 

3 72 

II 

16 

»7 

10 44 

31 

33 

33 

3 «4 


S3 

83 

10 36 


68 

33 

3 06 

II 

S8 

So 

10 68 

33 


34 

4 OS 

ia 


00 

10 So 



3S 

4 20 

13 

60 

Oi 

10 02 



36 

4 33 

la 

p6 

92 

II 04 



37 

4 44 

13 

32 

93 

II 16 



38 

4 56 

13 

68 

94 

II 28 


84 

39 

4 63 

*4 

04 

OS 




40 

4 So 

*4 

40 

06 

II S3 


S6 


4 9* 

*4 

76 

97 

II 64 




S 04 

IS 


98 

II 76 



43 

5 16 

*S 

48 

99 

II 88 



44 

S as 

*5 

84 

100 

12 00 




5 40 


20 


13 12 




5 5* 

16 

S6 

102 




AI 

S 64 

16 

03 

103 

13 36 




S 76 

l 7 

IS 

IO4 

13 48 



40 


'7 

64 

IOS 

13 60 





IS 

00 

106 






IS 

3« 

107 

12 84 




6 24 


72 

IOS 

13 P 6 




6 36 

10 

08 

1 00 

•3 08 





10 

44 

no 


30 




‘9 

SO 

m 


06 


6 7a 

20 

16 

122 


40 




J* 

113 


40 


SO 

to 

61 

6 06 

7 OS 

7 20 

r 3* 

at 

at 

at 

88 

24 

60 

96 

us 

116 
» 17 

13 68 

13 80 

13 02 
*4 04 

41 

41 

41 

04 

76 

64 

*4 

6 j 

7 56 

7 68 

7 So 

aa 

aj 

3* 

68 

04 

40 

US 

1 19 
no 

III 

14 16 

>4 as 

14 40 
*4 12 

43 

43 

43 

4) 

4S 

84 

30 
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Table 44 — Simplified Calculation or Indexes in Children — (Conhnuid) 


' 

* Children 

9 

z 

8 Children 

9 


Hemoglobin 

V olume of 


Hemoglobin 

\ olume of 

cent 

gram* per 

packed cell* 


grama per 

packed cells 

IOO cc 

per 100 cc 


100 cc 

per 1 

00 cc 

uj 

t4 64 

43 

9a 

136 

16 3a 

48 

96 

133 

14 76 

44 

38 

137 

>6 41 

49 

33 

134 

>4 88 

44 

64 

13S i 

16 56 j 

49 

68 

13J 

IS 00 

4S 

00 

139 

16 68 

SO 

04 

136 

IS i* 

45 

36 

340 

16 80 

SO 

40 

*37 

S3 *4 

45 

7a 

Mi 

16 9> 

50 

74 

1 28 


46 

oS 

14a 

17 04 

51 

i* 

136 




143 

17 16 

SI 






144 

17 78 

51 


1 31 

IJ 7* 

47 

16 

>45 

17 40 




15 ®4 

47 

S* 



S3 

93 

133 

IS 96 

47 


148 

17 76 

S3 

18 

13 4 

16 08 

48 

34 

>49 

17 8S 

S3 

64 

135 

l6 30 

48 

60 

>50 

18 00 

54 

00 


(b) Volume Index — An accurate red cell count, red cell volume 
determination, and standards for comparison are necessarj for the 
calculation The normal volume coefficient for the patient’s sex and 
age group is taken as 100 per cent volume The patient’s red cell 
per cent is determined as described under color index The volume 
of packed red cells per 10 o cc of the patient’s blood is determined 
This figure divided by the normal volume coefficient of 41 for men, 43 
for women, or 36 for children and multiplied by 100 gives the patient s 
per cent cell volume for use in the calculation of the volume index 


Per cent cell volume 
Per cent red cells 


= Volume index 


See Tables 43 and 44 and chart II for simplified calculation 
(c) Saturation Index — An accurate hemoglobin estimation and red 
cell volume determination are necessary for this calculation Deter 
mine the per cent hemoglobin and cell volume in terms of the normal 
standard as described above 


Per cent hemoglobin 
Per cent cell volume 


*= Saturation index 


This may also be calculated by dividing the color index by the 
\ olume index See Tables 43 and 44 and chart II for simplified 
calculation 
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(d) Simplified Method for Index Calculation 1 — (i) Explanation of Table 43 
To find the grams of hemoglobin per 100 cc , for any method using a content of 
13 8 grams per 100 cc as 100 per cent look in column 7 opposite the per cent figure 
in column 1 To find the per cent red cells for index calculations read the figure in 
column x opposite the patient’s red cell count figure (column 2) To find the per 
cent hemoglobin for index calculations read the figure in column 1 opposite the 
patient’s grams of hemoglobin in column 3, 5 or 8 To find the per cent cell volume 
for index calculations read the figures in column 1 opposite the patient's cell volume 
m column 4, 6 or 9 

(2) Explanation of the chart The chart is so designed that the vertical line 
corresponding to the intersection of any two printed lines of the logarithmic paper 
gives the quotient of the value indicated by the 
figure in the right hand column (X) divided by 
the value indicated by the figure in the left 
hand column (Y) Hence, it can be used for 
the determination of all of the indexes if 
one simply remembers always to look up the 
numerator of the fraction expressing the index 
in the nght hand column (X) and the 
denominator in the left hand column (Y) 

A slide rule is even more satisfactory for index 
calculations 

Readings from the chart are made easier by 
placing on it a sheet of transparent celluloid 
such as washed X ray film having 3 lines drawn 
on it carefully (Fig 25) two forming a nght 
angle the third exactly bisecting the right angle 
and extending some distance be> ond the apex 
of the angle Line A is placed at the proper figure in the right hand column of the 
chart hne B at the proper figure in the left hand column, and the final reading is 
made from the top of the chart at the point where line C lies 

(3) Example of the calculation The study of the blood ol Mrs F gave the 
following results 

Red blood cells 162 million 

Hemoglobin 52 o per cent (Haskins Sahli method) 

Volume of packed red cells 18 89 cc per 100 cc of blood (by the author s 
technic) 

Reference to column 2 of the table shows that this red cell count corresponds 
to 32 per cent as read m column j, of 5 o million red cells 

Reference to columns 1 and 7 shows that an estimation of 52 o per cent by thts 
method is equivalent to 7 18 gm of hemoglobin per 100 cc of blood 

Then looking up 7 18 in column 5 since the patient is a woman, one finds m 
column 1 that it is 50 per cent bf the normal hemoglobin coefficient for women 
Tn the same manner looking up 18 89 cc in column 6 one finds in column 1 that 
it is 44 per cent of the normal volume coefficient for women 

Now determine the indexes by use of Chart II The color index is 50/3 2 
Therefore look up hne 50 in column X and line 32 in column Y, and find that they 
1 See footnote J page 488 
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intersect about midway between vertical lines i 5 and 1 6, corresponding to a color 
index of r SS J 

Similarly the volume index is 44/32 These lines intersect at a \ertical line 
corresponding to a volume index of 1 36 

The saturation index is 50/44 which from the chart is found to be r 14 
The laboratory report on this case would then read 
Red blood cells 1 62 million 
Hemoglobin 7 2 grams (52 0%) 

Color index 1 55 
Volume index x 36 
Saturation index 1 14 

3 Peroxidase Stain —The Washburn 1 modification of the Goodpasture stain 
with minor improvements is recommended 

(a) Technic — Thin air dried smears should be made within 3 to 4 hours after 
drawing the blood and should be stained within 12 hours unless carefully protected 
from light and air Place on the slide ro drops of solution I and allow it to stand 1 
to iH minutes add directly to this 5 drops of solution II and allow it to stand 3 to 
4 minutes, wash thoroughly in tap water for 1 to minutes and air dry Then 
add 8 drops of II right s slam, allow to stand 3 to 4 minutes add 12 drops of buffer 
phosphate solution and allow to stand 20 to 45 minutes Leukemic bloods and 
sternal marrow require a longer time Wash the slide as directed for the Wright’s 
stain and air dry 

(b) Description of the Slam — Tbe nuclei of all cells stain as usual with Wnght’s 
stain and therefore aid in their identification The neutrophils are filled with 
large black granules The eosinophils contain very large dark granules which are 
refractile and have a paler brownish center with darker periphery The basophils 
base large black granules which tend to concentrate at the periphery of the cell 
Lymphocytes show no granules and so appear as in ordinary smears Monocytes 
have dark, rod shaped granules which 3re not numerous and which tend to clump 
together Blast cells show no granules Red cells and platelets stain as usual with 
\\ right s stain The progranulocy tes (prom\ elocy tes) show few to many dark 
greenish black granules which differentiate them from prolymphocytes which show 
no granules and stain as in the W nght s stain One should examine all cells with 
round nuclei which are larger than the lobocy tes (polymorphonuclears) in order to 
determine whether the charactenstic pro cell present is a progranulocyte (promye 
locyte) or prolymphocytc 

(c) Reagents —(1) Solution I Benzidine (03 gm ) is dissolved m 99 cc of 
ethyl alcohol then 1 cc of saturated (36 per cent) sodium mtroprusside solution is 
added This stain keeps for 8 to 10 months 

(2) Solution II live to six drops of hydrogen peroxide in 25 cc of water 
Thu solution should not be o\cr 48 hours old 

4 Determination of Red Cell Diameter —Many methods* ha\e been devised 
lor this purpose Two hundred to 1000 cells may be measured with an eye piece 
micrometer with a filar micrometer by projection and direct measurement, by 


s„','i*’ h l’ 0 | r 2s A .»!| I r| A 9? m , b,nrf 1 «“■ "nshti mm for Routme Blood 
bmears. J Lab ana Lun Med 14 146-250 (Dec ) 1918 

•Umlophen S R rod Criijheed A C Tie Diffraction (JMomctnc) Method of 
Determining the Aserane Dumeter of Red Blood Corpuscles Ind I Med Research 
963-9 6 CI»n ) 1932 bee also the references on pa^e *90 ® 
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tracing the projected image, by measurement of photomicrographs, or the average 
cell diameter may be determined by the use of the diffraction principle Any of 
these methods may be used with dry or moist preparations and the dry smears ma> 
be examined unstained or fixed and stained The methods discussed below are 
the ones the author recommends as most practical clinically The others will be 
found discussed in the references cited 

(a) Eye piece Uterometer — Select an area on a thin smear, stained with Wright’s 
stain, where none of the red cells touch each other and there is no crenation Meas 
ure 200 to 1000 consecutive red cells with the eye piece micrometer and record the 
results to the nearest o i micron (for directions, see page 331) Plot a curve show 
ing the percentage of red cells found of each diameter If the mechanical stage is 
moved in one direction and all cells are measured in the diameter on which they 
happen to fall on the micrometer scale regardless of shape, the laws of chance will 
automatically average the cell diameters so that it is unnecessary to measure 
each individual cell in more than one diameter This method is very labonous and 
only in hemolytic icterus and in rare cases of pernicious anemia with many micro 
cytes does it add any to the information dem-ed from the simple and more accurate 
volume index determination 

(b) The DiJJraclton Method 1 — Determine the average cell diameter on a thin 
unstained and unfixed blood smear by use of an enometer or a halometer The 
directions for making these instruments are given in the articles cited * These 
instruments are extremely simple to use The estimation ordinarily does not 
require over a minute but gives only the average cell diameter and is difficult or 
impossible to read in anemias associated with marked amsocytosis Directions 
accompany the instruments In all of them, concentric circles of rainbow colors 
are produced by the diffraction of light, each of which is inversely proportional in 
diameter to the diameter of the red cells 


5 Reticulocyte Staining and Enumeration —The method in 
most common use is to spread a saturated alcoholic solution of brilliant 
cresyl blue on a slide, allow this to dry, make a smear of blood over 
it, and counterstam with Wright’s stain The reticulocytes appear 
well stained but many are not stained at all so it is not recommended 
(a) Osgood Wilhelm Method 3 — This method is recommended 
Mix in a small test-tube, equal parts (5 drops) of oxalated venous, 
or capillary 4 blood and 1 o per cent brilliant cresyl blue in o 85 per cent 
sodium chloride solution Let stand at least one minute, mix, and make 
thin smears, drying in the air as usual These smears may be counted 


1 Emmons W F The Clinical Enometer Quart J Med 21 83-90 (Oct )* 9*7 
Pijper A An Improved Diffraction Method for Diagnosing and Following the Course 
of Permciou9 and Other Anaemias Brit Med J 1 635-638 (April 6) 1929 

Pryce DMA Simplification of the Halo Method of Measuring the Diameter 01 
Red Blood Corpuscles Lancet 2 275-276 (Aug 10) 1929 _ , 

Eve F C The Early Diagnosis of Pernicious Anaemia by the Halometer on 
Med J 2 48-49 (July 13) 1929 . . 

* A satisfactory enometer designed and manufactured by A H Osgood can be obtains 

from the Shaw Surgical Company Portland Ore ... 

* Osgood E E , and Wilhelm Mable M Reticulocytes J Lab and Can Men 19 
1129-1135 (July) 1934 

4 The blood and stain may be mixed in a white cell diluting pipette 
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at any time They may be counterstamed with Wright’s stain by the 
usual technic if desired The brilliant cresyl blue solution keeps well 
but should be filtered if a precipitate appears on the smear 

Select an area on the slide which contains 50 to 75 red cells per oil 
immersion field and count all the red cells and all the reticulocytes 
in as many adjacent fields as is necessary to give a total of 500 red 
cells, if the count is o\er 5 per cent If the count is less than 5 per 
cent, 1000 cells should be counted 

This method has the following advantages o\er those m common 
use It was determined by actual experiment that this technic gives 
the optimum conditions for reticulocyte staining, it shows about three 
times as many reticulocytes as other methods in common use, and it is 
not necessary to counterstain with Wright’s stain 

(b) Coier Slip Method — Place a small drop of brilliant cresyl blue 
solution on a glass slide and then place a tiny drop of fresh blood on a 
cover slip over it Rim it with vaseline and examine after 1 minute. 
The reticulocytes may be counted in this moist cov er slip preparation 
A permanent mount may be made by' removing the cover slip (omit 
vaseline) with a lateral motion, drying the smear quickly and staining 
it with Wright’s stain, using about one third the time after dilution 
as for a regular stain 


6 Moist Cover Slip Preparations — Clean slides and cov er slips very thoroughly 
and keep them and o 9 per cent saline in an incubator so that they will always be 
ready at the correct temperature Holding the cover slip by its comers nm a band 
about 1 mm wide around the edge with a thin lajer of vaseline or immersion oil 
using a tooth pick to spread it Place a tiny drop of freshly drawn blood in the 
center of the cover slip and press it on the slide firmly enough to make an air tight 
seal all the w ay around and to show under the microscope a red cell la> er only one 
cell thick Sometimes it is desirable to use a small drop of saline with the drop of 
blood One must learn by practice the correct amount of blood to use to get a 
satisfactory preparation This maj be examined immediately for ameboid activity 
of the white blood corpuscles for malaria parasites or filana lar\ ae and after 24 
hours standing for sickle cells 1 The malaria parasites appear as hyaline bodies 
within the red cells with the pigment within them showing a rapid dancing move 
ment Filana larvae are located by the motion of the red cells in their vicinity 
They are about 10 micra wide and 300 micra long and keep up a rapid thrashing 
motion for hours They appear in blood taken only at one time of the day or night 
Sickle cells are most numerous after 24 hours and show multiple points with long 
filaments projecting from them (Fig 6) 

(a) Supravital Preparations — Make the mounts as descnbed above for moist 
cover slip preparations on slides coated with dye as descnbed below and examine 
after 15 minutes to 2 hours at room temperature or the slides may be left in an ice 


* Diggs L \\ The Sickle Cell Phenomenon I The Rate ol Sickling m 
tions J Lab and Clin Med 17 913-920 (June) 1932 
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box over night and examined the next day A warm stage as originally described 
is not necessary 

With this technic, neutrophit granules stain pink, eosinophil granules stain 
yellowish, and basophil granules stain red Mitochondria, which are not visible 
m Wright’s stain, stain green Nuclei have the same shapes as in the corresponding 
cell in the Wright's stain but are unstained if the cell is still living The lobocytes 
(polymorphonuclears) and rhabdocytes (stall cells) are actively motile, showing 
rapid movement of the granules as well as ameboid motion Vacuoles containing 
orange red dye are common in the monocytes and neutrophils Mitochondria are 
rarely seen in cells of the granulocyte (myeloid) senes more mature than the granu 
[oblast (myeloblast) and progranulocyte (promyelocyte) None of the blast cells 
take up neutral red Ameboid motion is rare in progranulocytes (promyelocytes) 
and granulocytes (myelocytes) but the neutral red granules may move Lymph o 
cy tes contain a few scarce vacuoles containing neutral red and many mitochondria 
They arc more numerous m the lymphoblasts and prolymphocytes The mito- 
chondria of lymphocytes are larger than those of monocytes and tend to be located 
near the nucleus rather than at the periphery In monocytes the neutral red 
vacuoles tend to be clumped in a rosette and the mitochondria are small and more 
numerous near the periphery of the cell Monocytes and lymphocytes may show 
rounded projections from the cytoplasm with slow changes in shape but are much 
less actively motile than cells of the granulocyte (myeloid) senes If motility 
alone is to be studied, the Janus green may be omitted from the stain or the cells 
may be examined unstained under datk field illumination 

(1) Reagents — Keep stock solutions of saturated neutral red and Janus green 
in absolute ethyl alcohol Trom these, prepare at intervals dilute solutions Add 
20 to 30 drops of neutral red and a like amount of Janus green to to cc of absolute 
ethyl alcohol Mix The Janus green may be omitted if desired 

(2) Cleaning glassware and applying stain —In all manipulations, handle the 
slides and cover slips with forceps, not with the fingers Wash thoroughly in soap 
and water, place in running tap water for several hours and rinse in distilled water 
Leave in dichtomate sulphuric acid cleaning mixture for a week or more and then 
wash with tap water and nnse with distilled water Keep them m 70 per cent 
alcohol for two weeks or longer, dry with a dean old linen cloth and flame the slides 
but not the cover slips Allow to cool and flood with the stain Dram off the 
excess stain and stand the slides against the wall on a clean paper towel As soon 
as they are dry mark the stained surface with a wax pencil and store in a dust proof 
slide box or wrap in paper They keep indefinitely 

7 Fragility of the Red Blood Corpuscles — Several methods are tn use but 
the Giffin and Sanford 1 modification of Ribierre s method is recommended Gxa 
lated blood is preferable to capillary or untreated venous blood because it does rot 
necessitate carrying the apparatus to the bedside and the change of tonicity due to 
the added oxalate is too small to be considered being only o 005s P er cen t calculate 
as sodium chlonde solution The test may be done on oxalated blood that has 
stood an hour or more with perfect results 

(a) Giijin and Sanford Method — (j) Technic and reading of results An accu 
rate o 5 per cent solution of sodium chlonde is made by dissolving exactly o 5 grams 

1 Giffen, H Z. and Sanford, A H Fragility of Erythrocytes J Lab and Clin Med 
4 465 (May) 1919 
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of C P sodium chloride in distilled water and diluting to ioo cc. in a \olumetnc 
flask A senes of 12 narrow test tubes numbered down from 25 to 14 are placed 
in a test tube rack with a duplicate set behind for the control Place the number 
of drops of o 5 per cent sodium chloride solution indicated by the number (25, 24, 
etc ) m each tube and add a sufficient number of drops of distilled water to make 
the total 25 Multiples of o oS or o x cc may be measured with a pipette more 
quickly and accurately than tubes can be set up by the drop method FiU the rear 
tubes in the same manner Mix well Add one drop of the patient s oxalated 
blood to each tube of the front row and one drop of oxalated blood from a normal 
person to each tube in the rear row Shake the tubes to insure mixing and read 
the results after they have stood an hour or two at room temperature The first 
tube showing a tinge of red m the supernatant liquid is the point of beginning 
hemolysis the first point where no corpuscular residue is \1s1blc even after cen 
tnfugating is the point of complete hemolysis The per cent is figured by multi 
plying the figure on the tube b\ o 02 Thus the tube containing 14 drops of saline 
is o 28 per cent 

It is sometimes necessar> to use washed corpuscles To secure these, prevent 
the blood from dotting bj discharging 3 cc into 5 cc of 2 per cent sodium citrate 
solution (oxalated blood is also satisfactory) and by repeated centrifugating 
(3 times) and washing with o 9 per cent sodium chlonde solution, free the corpuscles 
of plasma Use the final suspension in 3 cc of saline in the same way as blood 
If concentrations above o 50 per cent sodium chlonde are desited, use an exact 
r per cent solution of sodium chlonde and the same rule as above The per cent is 
figured by multiplying the number on the tube by o 04 

(b) Fontaine Technic —This is simpler but it detects only marked vanations 
(1) Technic Draw up blood to the 1 o mark on a white cell pipette and 
empty it into x cc of exact o 9 per cent sodium chlonde solution Mu well and 
place o x cc. of it in each of nine test tubes (4 by H inch in size) containing dis 
tilled water and exact o 9 per cent sodium chloride solution as follows 


tt «ter 

© 9 per cent sodium chloride 
Per cent of h»Cl (final) 




> Si o 72 o 63 o 54 o 45I o 36 o 97 o 18 o 09 


Incubate the tubes for 1 hour at 37* C and then read them The reading is 
more accurate if they are allowed to settle in the ice box for 74 hours Note the 
point of beginning hcmolvsis and of complete hemoljsis 

S Sternal Puncture* and Examination of the Sternal Mar- 
row — The puncture itself should be done by a physician, but anyone 
capable of recognizing all of the cells seen in the blood in granulocy tic 
(myelogenous) leukemia should be able to make the examination of the 
aspirated matcnal 

(a) Technic of the Puncture —With the patient lying on his back 
and his chest clcxaled by a pillow beneath his shoulders, prepare the 
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region of the sterno manubnal junction with iodine and alcohol 
Using aseptic technic, locate the sterno manubnal junction as a distinct 
ridge opposite the sternal cartilages of the second ribs, and infiltrate 
the shin, subcutaneous tissues and pcnosteum of this region with 
procaine Using a sternal puncture needle 1 or a 16 to 18 gauge spinal 
puncture needle, cut to 3 o to 4 0 cm in length and rebevelled, enter 
the sterno manubnal junction m the mid line at an angle of about 6o° 
to the surface of the chest Then depress the needle to an angle of 
about 30° and rotate it until it enters the marrow cavity of the bod> 
of the sternum, taking care not to exceed a total depth of 1 5 cm 
Remove the stylet and, using an air tight 10 cc Luer s> nnge, aspirate 1 or 
2 cc of marrow If no marrow appears after strong aspiration, replace 
the stylet, insert the needle a little deeper, and reaspirate Remove the 
syringe from the needle and transfer the aspirated material, which looks 
like blood, into a 4 X H m test tube containing 2 or 4 mg of powdered 
potassium oxalate (p 461), shaking well to insure mixing Replace the 
stj let, withdraw the needle, and seal the puncture wound with collodion 
Use this oxalated marrow for any type of hematologic examination 
which can be done on oxalated blood 

(b) Technic of Examination — Make thin smears as directed for 
blood and stain with Wright’s stain, using double the time after 
adding the buffer phosphate that is used for blood Count 500 nude 
ated cells as in a differential cell count on blood, except that nucleated 
red cells are mduded Calculate the percentage of each type The 
same criteria are used for identification of the cells as are used for 
identification of these cells in the blood The megalokarj ocytes maj 
be recognized bv their large size, 40 to 60 micra, lobulated nuclei and 
blue cytoplasm containing purplish granules similar to those seen in 
platelets \ reticulocy te count and peroxidase stain are often desirable 
and may be done bj the same technic as recommended for blood A 
total nudeated cell count should be done by the technic given for a 
white cell count in the blood A red cell count and hemoglobin esti 
mation are possible, but add little of interest 

9 Splenic Puncture — The puncture itself should be done b) 
a physician 

(a) Technic of the Puncture — With the patient lying on his back 
determine by percussion that there is no bowel between the enlarged 
spleen and the anterior abdominal wall Prepare the area selected 
with alcohol and iodine and infiltrate with 1 per cent procaine down 
to the peritoneum With the abdominal wall pressed firmly against 

1 Obtainable from Becton Dickinson & Co 
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the spleen so as to prevent its movement with respiration (instruct the 
patient to hold his breath or to breathe \ery shallowly), introduce an 
18 to 20 gauge sterile needle attached to a sterile 10 cc syringe, just 
through the splenic capsule and aspirate strongly or until 1 cc of 
material is obtained Then withdraw the needle and syringe while 
maintaining suction Thin smears should be made at once, or if 
enough material is obtained, it may be mixed with oxalate as directed 
for marrow The smears should be stained with Wnght’s stain as 
directed for blood, using double the time after adding the buffer 
phosphate Examine the stained smears for immature leukocytes or 
erythrocytes and for malaria parasites and Leishman-Donovan bodies 
Leishman Donovan bodies are blue staining objects about 2 micra 
in diameter containing a large and a small reddish chromatin mass 
within the endothelial cells Look also for the large cells with a foamy 
cytoplasm characteristic of some forms of lipoid histiocytosis 

10 Red Cell Sedimentation Rate 1 — A large number of methods 
are now in use for this determination, all of which give satisfactory 
results if standards for comparison are first determined on a large 
number of normals and known pathologic cases Many of these 
methods require carrying the apparatus to the bedside, which is a definite 
disadvantage, and often an extra venipuncture is done for the sole 
purpose of this determination A few of the methods require an 
excessive amount of blood To overcome these objections the Wester 
gren* tubes and rack were adapted for use with oxalated venous blood 
The results obtained on normal and pathologic bloods were almost 
identical with the two methods Only two readings are taken, one 
at 15 and another at 45 minutes The advantages of this method are 
the determination may be done at any time within 3 hours after veni 
puncture on the same blood that is used for blood chemistry and other 
hematologic methods, only two readings are taken and, therefore, 
very little attention is required, the apparatus is cheap and the pipettes 
are quickly and easily cleaned, a separate puncture is not necessary, 
errors from inaccurate dilution are eliminated, and a report is available 
within 4s minutes 

(a) Modified Westergren Method — (1) Technic Draw well mixed 
oxalated venous blood up to the zero mark on the pipette, wipe the 
excess blood off the tip, and insert in the rack (figure 26) Press the tip 

1 Haskins H D Trotman F E Osgood E E and Mathieu A A Rapid Method for 
Determination of the Sedimentation Rate of the Red Cells with Results m Health and 
Disease J Lab & Clin Med 16 487-494 (Feb) 1931 

* Westergren A Technic of Red Cell Sedimentation Reaction Am Rev Tuberc 
*4 94-10! (July) 19J6 
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of the pipette against the rubber before releasing the finger The 
pipette should be cxactl> vertical Note the upper level of the blood 
if it is not exactly at the zero mark and record the time, read the upper 
level of the red cells at 15 and 45 minutes after the start In large 
laboratories an interval timer is a convenience 


(3) Apparatus Pipettes graduated from o u> 200 ram at the tip may be 
obtained from the Arthur II Thomas Co , Philadelphia (specifications No 1710 
C) or satisfactory substitutes can be made by selecting a number of 1 cc pipettes 



End projections _ 


Fie 26 — Sedimentation rack and tube 

which contain r cc at a mark within a few mm of 200 mm from the tip and pasting 
a 150 mm stnp of mra graph paper along the side of the pipette with the upper end 
exactly 200 mm from the tip Shellac over this to prevent soiling 

Have a rack* so made that, with the tip of the pipette resting on a rubber cork 
m the base a rubber covered spring at the top will clamp down on the pipette 
sufficiently firmly to hold tt in a vertical position and prevent leakage of blood See 
Fig 26 

(b) The Lm~enmeter Method —This is one of the oldest methods and is probably 
the most widely used at the present time The tubes are only 7 cm long and 5 
mra in internal diameter and have to be watched closely until the cells reach the 
18 mm mark The objections are the use of citrated blood (special solutions) the 
amount of attention required and the difficulty of cleaning the tubes 

1 An improved rack is obtainable from Braun Kneeht Ifeiman San Francisco, or the 
Scientific Supplies Co Seattle 
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11 Bleeding Time (Duke) — If found prolonged, a platelet count 
is indicated 

Techntc — Clean the ear lobe with alcohol and allow it to dry 
Make a puncture with a sharp lancet, collect the drops on blotting 
paper each half minute and note the time from the appearance of the 
first drop until the bleeding stops The normal time for this method 
is 3 minutes or less 

12 Coagulation Tune — The most accurate method and the one 
recommended is that of Lee and White 

(a) Techntc — Take blood from the vein m a sy nngc that has been 
rinsed out with normal saline and run 1 cc immediately into each of 
3 test tubes 8 mm in diameter which ha\e also been rinsed out with 
normal saline Every i } seconds, tip the first tube slightly until the 
blood no longer flows and the tube can be inverted When this occurs 
test the second in the same way and record the time when the second 
tube can be inverted as the coagulation time The normal is 5 to 8 
minutes and the average is minutes If the tube diameter is 9 mm 
the normal is 6 to 11 minutes The third tube is used for the clot 
retraction test (see page 504) 

The following two methods are given because they are frequently 
used but since tissue juice is mixed with the blood they may fail to 
show prolonged coagulation time even in hemophilia In my opinion 
the* arc valueless 

Place a drop of blood on a dean glass slide and pass a needle or pin 
through it every half minute after the first 3 minutes The slide 
may be supported on glass rods in a petri dish above a piece of blotting 
paper moistened with warm water to prevent drying When a thread 
of fibrin is picked up by the needle it is said to ha\c dotted The 
normal is 7 minutes or less If deviations arc found by this method 
they should be checked by the Lee and White technic 

Another much used method is to draw out in the flame a supply of 
dean glass tubing to form capillary tubing 1 mm or less m diameter 
and in lengths of about 10 cm Till two or three of these tubes by 
capillarity from the third or later free flowing drop from a puncture 
made with a sharp knife After the first 3 minutes, break off about 
1 cm length of tubing each 30 seconds and record the dotting time as 
the interval from the time the drop appears on the skin surface until a 
fibrin thread attaches the broken ends until they have been separated 
a perceptible distance The maximum normal coagulation time b\ 
this method is 7 minutes 



Clotting Time an Seconds 
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13 Clot Retraction Determination — Technic — The third tube 
secured m the coagulation test (above) should be placed in an incubator 
at 37 0 C and observed at 1 hour, 18 hours, and 24 hours Normally 
retraction of the clot from the wall with separation of serum begins 
m 1 hour and is complete in 18 to 24 hours 

14 Platelet Count — Technic — Oxalatcd blood and freshly made 
or freshly filtered Toisson’s diluting fluid must be used The dilution 



Chart III — The relation of prothrombin concentration to the clotting time of recalcified 
plasma containing an excess of thromboplastin 1 


of the blood and preparation of the mount is identical with that for 
the red cell count w ith these exceptions the preparation m the counting 
chamber must stand ro minutes before counting and the light must 
be reduced until the platelets appear as small highly retractile dots 
Using the high power objective, count 4 of the sixteen large squares 
in each comer, making a total of 16 squares and an area of 1 sq mm 
which is equivalent to a volume of o 1 c mm The dilution is 1 to 200, 
so multiply the total count by 2000 to get the number in x c mm 
All methods so far devised for platelet counting are very inaccurate 
Another method is to count all the platelets seen in counting 1000 re 
cells in a thin smear of oxalated blood stained with Wright's stain, 
calculating the platelet count by proportion from the red cell count 
1 See footnote 1 on page 505 
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15 The Capillary Resistance Test of Rumpel-Leede — 
Technic — Mark with a skin pencil an> petechiae which maj be present 
on the patient’s arm or hand Apply the cuff of a blood pressure 
apparatus in the usual waj and maintain it at the diastolic pressure 
for 5 minutes Record the number and site of an> new petechiae 
which mav develop while the cuff is m place or aftt r its removal 

16 The Prothrombin Time (Quick 1 ) — (a) Principle —There is evidence to 
suggest that the clotting time of recalci&ed plasma containing an excess of thrombo 
plastic substance of which cephalin is the important constituent bears a relation to 
the level of prothrombin present in the plasma 

(b) Technic — Withdraw 4 5 cc of blood by venipuncture, mix 
immediatel} with o 5 cc of sodium oxalate solution and centrifugate 

Mix o 1 cc of plasma with 01 cc of thromboplastic solution and 
quickly add o 1 cc of calcium chloride solution Record accurately 
the time required for the formation of a clot after the addition of the 
calcium chloride Normal plasma will dot in from 12 to 13 seconds S 
With a decrease in prothrombin, the clotting time is delayed B> 
means of Chart III determine the prothrombin content of blood from 

Table 4s — Normal Valles for Hematologic Methods 1 



Males 

Females 

Red blood cells average 

5 40 million 

4 80 million 

Range 

4 40 to 6 4 million 

4 0 to 5 6 million 

Total hemoglobin average (per 100 cc ) 

15 8 grams 

13 7 grams 

Range 

13 5 to 19 grams 

11 0 to 16 s grams 

Hemoglobin coefficient 

14 7 

14 3 

Volume coefficient 

41 0 

43 0 

W hite blood cells 

4 5 to 1 1 5 thousand 

4 5 to 1 1 s thousand 

Neutrophil lobocytes 

33 to 75 per cent 

33 to 75 per cent 

Red cell diameter 

6 to 9 micra 

6 to 9 micra 

ReUculocytes 

0 s to 3 0 per cent 

0 5 to 3 0 per cent 

Red cell fragility beginning hemol>sis 

046-038^ NaCl 

0 46-0 38% NaCl 

Complete hemol} sis 

©36-030*0 NaCl 

0 36-0 30'?’ NaCl 

Sedimentation rate first 15 minutes 

0 0 to 5 0 mm 

0 0 to 5 0 mm 

ToL 1 5 minutes 

1 0 to 30 0 mm 

1 0 to 30 0 mm 

Blee li 1 time (Duke s method) 

3 minutes 

3 minutes 

Coa 1 1 ition time (Lee and White) 

5 to 8 minutes 

S to 8 minutes 

Clol 1 : faction (Lee and White) 

Beginning in 1 hr 
Complete in 18-24 

Beginning in 1 hr 
Complete in 18-24 

Plat ki count 

J 3 0 OOO to 450 OOO 

, 2^0 000 to 450 000 


* x* »l»o Table 7 and fignrn 3 4 »«> <1 7 


1 Reproduced by permission of the author and the publishers from Quick. A J The 
Nature of the Bleeding in Jaundice JAMA no 1658-1661 (May 14) rgj8 
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the clotting time As an example, if the plasma dots in 31 seconds, 
the prothrombin is 15 per cent of the normal 

(c) Reagents — (1) Sodium oxalate dissolve J 34 gm of anhjdrous pure sodium 
oxalate m 100 cc of distilled water 

(a) Calcium chlonde dissolve in gm of anhydrous chemicall> pure calcium 
chloride in 400 cc of distilled water 

(3) Thromboplastic solution mix 03 gm of dehydrated rabbit brain with 
5 cc of physiologic solution of sodium chlonde containing o 1 cc of sodium oxalate 
Incubate at 4 S° C for 10 minutes, then centnfugate at a slow speed for 3 minutes 
to obtain a milky supernatant liquid free from coarse particles 

The rabbit brain is dehj drated as follows after the blood vessels have been 
carefully removed by stripping off the pia, the brain is macerated in a mortar and 
extracted with acetone The solvent is poured off and a fresh amount of acetone 
added The process is repeated until a granular pow der is obtained The product 
is dried at 37 0 C and placed in a stoppered container and preserved m a refrigerator 
It retains its full activity for a week It is advisable to check the activity of the 
thromboplastin against a normal plasma 
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No attempt is made to give the morphology or cultural characteristics of even 
the most important organisms and only a very few of the commonly used methods 
will be reviewed here as this work is given m detail m other courses in the medical 
curriculum 1 he standard texts on these subjects should be referred to for details 

A Bactenalogic Methods — i Making and Fixing Smears —The material to 
be examined should be carefully selected in such a way as to a\ oid as far as possible 
contamination with other material In wounds cervical or urethral smears etc 
wipe off the first exudate express* d and collect the material on a second applicator 
In throat smears be certain that the applicator touches no area but that from which 
the smear is desired In sputum select caseous or purulent masses with care A 
sterile cotton applicator which should be rolled, not wiped over the exudate and 
then rolled, not wiped over the sbde is most satisfactory , except for very fluid 
material For the latter for sputum or pus, and for cultures a platinum loop 
sterilized by flaming before and after use is preferable Add a loopful of water if 
necessary and spread the exudate m a thin layer on the slide Make at least three 
smears from each source one for Gram s stain, one for methylene blue stain and 
the third for a recheck or for a special stain Allow them to dry in the air and fix 
by passing them film side up, slowly through a flame 10 to 1 2 times Label w ith the 
nature of material such as pus discharge, or membrane and its source, such as 
cervix urethra right tonsil or sinus in left cheek etc in addition to the tentative 
diagnosis or organisms sought, as gonococcus Vincent s organisms, actinomycosis, 
or diphtheria, and the usual data as to date name and case number 

Urine spinal, pleural or ascitic fluid should be collected with aseptic precau 
tions into stenle centrifuge tubes and centrifugated slowly for one minute to throw 
down leukocytes and other cells Stain smears of this sediment for cytology and 
for intracellular organisms The supernatant fluid should then be decanted into a 
second stenle centrifuge tube and centrifugated at 3500 revolutions per minute or 
over for 30 minutes or longer Dilution with two volumes of alcohol before centnf 
ugation lowers the specific gravity and increases somewhat the percentage of 
positive results Make and stam smears from this sediment for bacteria and par 
ticularly for the tubercle bacillus Blood serum may be necessary to make it 
stick to the slide This sediment may be used also for guinea pig inoculation 
Only positive results are significant 

A still better method is to treat 10 cc of the sediment obtained from a large 
volume of urine or puncture fluid with an equal volume of 30 per cent antiformin and 
proceed as outlined under sputum examination page 316 

2 Staining Methods — (a) I oeffler s Methylene Blue — Make heavy wax pencil 
marks to limit the stain to the desired area and cover with the stain After 30 
seconds for most organisms or 5 minutes or over for diphtheria or Vincent’s organ 
isms 1 wash in water and allow to dry m the avr This is a very satisfactory stain 


1 Gentian violet or 
organisms 


carbolfuchsin are better than methylene blue for staining Vincent s 
507 
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(or studying the morphology of organisms and should be used routinely in addition 
to the Gram’s stain 

Reagent Mix 30 cc of saturated alcoholic solution (o 75 grams per too cc of 
95 per cent ethyl alcohol) of methylthionme chloride (methylene blue) and 100 cc 
of x to 10,000 aqueous potassium hydroxide solution The solution improves on 
standing and keeps indefinitely 

(b) Gram's Statu — Cover the fixed smear with Stirling’s gentian violet solution 
or Iluckcr s crystal violet solution After 1 minute, wash in water Cover with 
Gram’s iodine solution for one minute Rinse off the iodine with 95 per cent alcohol 
(1 part ether plus 3 parts acetone decolorizes faster but is more expensive) and 
decolorize in a staining jar of 95 per cent alcohol until no more purple color dis 
solves out and the smear becomes grayish The nuclei of white cells should be 
unstained at this time if dceolonzation is complete Wash in water, and counter 
stain 1 minute with o 25 per cent saframn Wash and allow to dry in the air 

Gram positive organisms are purplish blue, Gram negative are red 

Reagents Stirling’s anilin gentian violet Dissolve 2 cc of amhn in 10 cc 
of 9S percent ethyl alcohol and shake, add 88 cc of distilled water and shake Put 
S o grams of gentian violet (crystal violet) in a mortar and add the amhn mixture 
slouly while grinding Filter This keeps indefinitely and much better than most 
other amhn gentian violet solutions 

Hucher’s modification, recommended by a special committee of the American 
Society of Bacteriologists Mix 20 cc of 20 per cent crystal violet (83 per cent dye 
content) in 95 per cent ethyl alcohol with 80 cc of 1 per cent ammonium oxalate 
This is more permanent than the anilm gentian violet reagent 

Gram’s iodine solution In a mortar grind up 1 gram of iodine with 2 grams of 
potassium iodide, when powdered add distilled water a bttle at a time, triturating 
with the pestle Pour into a bottle and nnse the mortar, using a total of 300 cc 
of water It may also be prepared by diluting 5 cc of Lugol s solution with 70 cc 
of water 

Saframn Mix 10 cc of a 2 5 per cent solution in 95 per cent alcohol with 90 cc 
of water 

(c) Ztehl A telsen Stain for T uberclc Bacilli — Cover the fixed smear with carbol 
fuchsm and warm it sufficiently to keep the solution steaming for 3 to 5 minutes 
Add stain as necessary to prevent drying Since drying ruins the result it is still 
better to immerse the slides m the carbolfuchsm in a staining jar for 30 minutes or 
longer at room temperature 

Wash in water and decolorize in acid alcohol until the stain ceases to be dis 
solved from any but thick parts of the smear Wash in water and counterstain 
S to 30 seconds with Loeffler’s methylene blue Allow to dry m the air 

Tubercle bacilli and other acid fast organisms (smegma bacillus, lepra bacillus) 
appear red all else in a satisfactory portion of the smear is stained blue Care 
should be taken not to confuse scratch marks in the slide with these organisms 
Their appearance can best be learned by staining a smear of blood serum on a badly 
scratched slide and comparing with a stained smear of sputum containing many 
tubercle bacilli made on a new slide Scratched slides should, of course not be used 
for this purpose See page 515 for a method of concentrating tubercle bacilli 

Reagents Czaplewsky s carbolfuchsm Add to 1 gram of basic fuchsm, 5 cC 
of phenol liquefied by warming the can or bottle in a bath of hot water, and 5° cc 
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of glycerol, stirring constantly Then add 50 cc of water, mix thorough!} and 
filter This keeps indefinitely 

Acid alcohol Add 5 cc of C P h} drochlonc acid to 100 cc of g$ per cent ethyl 
alcohol 

3 Obtaining Material for Culture — The organism sought should ah\a>s be 
indicated and the material kept in the ice box if available and otherwise at room 
temperature until inoculation on the correct medium has been made 

(a) Blood Culture — Sterilize the arm thoroughl} with tincture of iodine and then 
alcohol Withdraw blood by venipuncture using a sterile s>nnge and needle and 
after flaming the mouth of the flask, introduce 10 cc not less than 5 cc into 200 to 
250 cc of dextrose infusion broth medium, preferabl} containing calcium carbonate 
It is still better to introduce 9 cc of blood into a vaccine vial containing 1 or 2 cc of 
sterile 3 5 per cent sodium citrate solution, mix thoroughl} and send to the labora 
tory for pour plates and inoculation into media suitable for the grow th of the organ 
isms sought The use of a s}nnge and needle and inoculation through rubber caps 
greatly reduces the incidence of contamination when cultures are taken b} persons 
who are not expert bacteriologists 

(b) Culture for Diphtheria — Roll a sterile cotton swab lightly over the involved 
membrane and streak on the surface of a slant of tellurite agar or Loefiler s medium 
leaving the swab in the tube See that the cotton plug fits tightly around the shaft 
of the swab 

(c) Other Cultures — Spinal fluid and fluid from joints the pleural cavity, the 
peritoneum, from an unopened abscess or boil and an} other infected material 
that can be obtained rcachl> by needle puncture is best sent to the laboratory in 
vaccine vials in citrate solution as described for blood culture Urine should be 
obtained by catheter with a eptic technic and sent to the laboratory in a stenle 
container Material for stool culture is best obtained through a proctoscope but 
may be passed into a stenle container Nearly all other cultures can best be sent 
to the laboratory on a blood agar slant with the swab accompanying as directed 
under cultures for diphtheria 

4 Pneumococcus Typing (Neufeld) — Matenal for typing is best obtained 
before administration of sulfapyndine To a loopful or two of sputum spinal 
fluid or pleural exudate on a slide add an equal volume of typing serum and of a 
1-5 dilution of Loefiler s methylene blue Mix and drop a vaseline rimmed cover 
glass over the mount and seal the edges bv gentle pressure Examine under the 
oil immersion lens after 5 minutes \ positive reaction is characterized by distinct 
swelling of the capsules which are unstained and by a sharp outline making the 
capsules readily distinguishable If many organisms are present in the field male 
a fresh mount using a smaller amount of material Not more than 3 or 4diploeocci 
should be present in one field Test with each of the group serums labeled A, B C 
etc , first and then with each of the specific type serums included in the group giving 
a positive reaction Satisfactory typing scrums are obtainable from Lederle 
Laboratories Inc New \ork and full directions and illustrations accompany 
the serums The test mav also be done on matenal obtained from the pentoncal 
cavity of the mouse 3 or 4 hours after intrapentoneal inoculation This method 
should be used if pneumococci are not found by direct smear 

5 Examination for Treponema Pallidum —Scrape the surface of the lesion 
until a little dear serum is expressed Make a moist cover slip preparation (page 
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497) for darkficld examination (page 332) for motile, tightly coiled spirals 1/ the 
material Is to be sent to a central laboratory, collect a drop of scrum by capillanty 
in a length of capillary tubing and seal both ends in a flame 

B Serologic Methods — r Blood Typing 1 — This is an absolutely essential 
preliminary to blood transfusion, since the Intravenous injection of blood, the red 
cells of which are agglutinated by the scrum of the recipient, leads to serious and 
often fatal reactions 

(a) Principle —Serum and cells of human blood can be grouped into four 01 
more classes on the basis of their agglutinating properties 

(b) Direct Matching — This should be done before transfusion, whether the 
donor has been previously selected bv determination of his blood group or not 

Withdraw 1 to 3 cc of blood from the \cin of the recipient by the usual technic. 
Introduce r drop, or 2 drops if very anemic, into a tube containing about r cc of : 
per cent sodium citrate dissolv cd in o 85 per cent sodium chloride solution, mix label 
it as the red cell suspension of the recipient, and introduce the remainder into a dry 
centrifuge tube, which is labelled recipient's scrum * The centrifuge tube should 
be stenle if it is to be kept more than a fen hours The patient’s name and the date 
and hour of drawing the blood should also be noted on the label Secure serum 
and cell suspension in a similar manner from the donor, if previously selected by 
blood grouping, or from a senes of prospective donors if the blood types have 
not been determined The serum may be expressed more rapidly from the dot by 
centrifugation 

With a large platinum loop or, better, a freshly made capillary pipette (use a 
different pipette for each serum and cell suspension) mix two parts of recipient’s 
serum with one part of donor's cell suspension to form a large drop on a slide, and 
label it with a wax pencil R S D C Mix in a similar manner two parts of the 
donor s serum and one part of the recipient’s cells Mount and label D S R C 
To prevent drying keep the slides when not being examined resting on applicator 
sticks in a covered petn dish in the bottom of which is a piece of moist blotting or 
filter paper Examine under the low power or, better, the 8 ram objective of a 
microscope at intervals during a 30 minute penod, each time after the completion 
of the examination tipping the slide in rotary manner in order to produce a mixing 
motion m the drop If at the end of 30 minutes no clumping of cells has occurred 
in either preparation the bloods are compatible If at any time dumping occurs m 
R S DC or in both drops, the bloods are incompatible and another donor must be 
sought If clumping occurs only in D S R C , transfusion will probably not cause 
violent reactions and in emergencies is permissible If no emergency exists, it lJ 
better to secure a different donor The dumping in true agglutination is into 
relatively large masses usually visible with the naked eye, which are not separated 
by rotary mixing Sticking together of 1 or 2 cells or rouleaux formation (pdi"S 
up like a stack of coins) is not significant If there is any doubt as to the agghitvna 
tion, it is safer to secure a different donor 

(c) Determination of Blood Group —If bloods are compatible to direct matching 
transfusion is safe as regards dangers of reaction from incompatibility, but direct 
matching often involves study of a large number of individuals before compatib e 
blood is found Hence if much typing is to be done, preliminary determination 
of the blood group of the recipient and of the prospective donors saves time an 

1 See Weiner reference page 276 

* Cells and plasma from oxalated blood are equally satisfactory 
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serves as an additional check. Stock preparations of known type A{H) and type 
B(III) serums are necessarj , these ma> be secured from biologic supplj houses 
A better plan is to type individuals working in the laboratory Blood serum from 
such as are m type A and type B is secured from time to time to replenish the supply 
If handled aseptically and kept m the ice box serum will remain usable a long time 
but it is usually more convenient to dilute it with an equal 'volume of glycerin, 
which obviates the necessity of aseptic technic Or the serum may be dried and 
redissohed in o S 0 per cent salt solution from time to time Any serum used for 
typing should be tested against a number of known cell suspensions to be sure it 
does not contain atypical agglutinins 1 and agglutinates the proper cell* promptly in 
a dilution of at least t to 8 Great care should be exercised to prevent any mix up 
between the two Always look at the label twice before making a mount to be 
certain that the right serum is being used 

Secure cell suspensions m the saline citrate solution by finger or ear puncture 
or by venipuncture from the recipient and the prospective donors Make two 
mounts from each cell suspension according to the technic given above one with 
known type A, the other with known type B serum and observe for agglutination 
as in direct matching 

The blood group to which the individual belongs is readily determinable from 
Table 46 This is the Landsteiner classification and the one that should be used 
In the Moss and Jansky classifications groups II and III correspond to Landsteiner 
groups A and B, respectively Group AB correspond* to group I Moss and group 
IV Jansky and group 0 corresponds to group IV Moss and group I Jansky It is 
very important to note the classification 


Table 46 — Determination or Blood Groups 



Serum 


B 


O 


X 

o 

X 


o 


X 

X 


X 

X 


X ~ agglutination o = no agglutination 

Individuals m group AB are sometimes called universal recipients and in great 
emergencies such individuals may be transfused with untyped blood 

Individuals in group O are sometimes called universal donors and in emer 
genaes it is permissible to use blood from such a donor to transfuse an untyped 
recipient In either case the recipient s serum should be matched with the donor s 
cells 

Except in such emergencies a donor of the same group as the recipient should be 
selected and direct matching performed as a further check 

Every person typed should receive a written statement showing the blood group 
m which he belongs and the classification used and should be instructed as to the 
importance of giving this information to any physician who may see him in an 
emergency Large hospitals and dimes should keep a list of a number of persons 
1 V\ ilhelni M M and Osgood E E An Unusual Blood Group Arch Int Med. 5a 
*33-136 (July) 1933 
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willing to be donors, whose blood groups have been determined Then, when an 
emergency arises, only the recipient need be typed and a donor in the correct blood 
group can be called at once for direct matching 

2 Securing Blood for Serologic Tests (Kolmcr, Kahn, Kline, Widal, Brucella 
abortus agglutination, etc ) — Blood should be drawn from the vein in the usual way, 
using a dry sterile needle and a dry syringe, preferably, but not necessarily, sterile, 
after removing the needle, it should be introduced into a small dry, preferably sterile 
container such as a test tube or small vial, and corked It is possible to perform 
any one of these tests on serum from as little as i cc of blood, but chances of error 
are far less if 5 cc are sent 

3 The Donath-Landsteiner Test for Paroxysmal Hemoglobinuria — (a) Prin- 
ciple — The blood of patients with this condition contains an iso and auto hemoljsin 
which unites with red cells only at low temperatures (2 0 to ro° f rarely as high as 
18 0 C ) and results in hemolysis onl> after warming to 37 0 C and in the presence 
of complement The test is designed to demonstrate these points 

(b) Technic — Prepare a suspension of red cells not necessarily the patient’s, 
and collect a sample of serum from the patient as directed under blood matching 
above Mix equal parts of serum and cells and divide into two equal portions 
Keep one at room temperature (20° or over) for the control Chill the other in ice 
water or an ice box to 2° for 7 minutes Compare the two tubes, there should be 
no difference Place both tubes in the incubator or a bath at 37 0 If the test is 
positive, definite hemolysis will have occurred m the chilled tube within 30 minutes 
(usually less) and not in the control If no hemolj sis has occurred m this time, add 
one fourth volume of normal serum to supplj a possible deficiency of complement 
to each tube and incubate another 30 minutes A positive hemolysis in tube I and 
none in tube II indicates the presence of the hemohsin characteristic of this disease, 
absence of hemolysis in both tubes indicates no such hemolysin and presence of 
hemolysis in both tubes indicates a flaw in technic 

The above is all that is necessarv for diagnostic purposes It is of academic 
interest to run a senes of tubes cooling to different temperatures to determine the 
highest temperature at which hemolysis occurs Further details and bibliography 
will be found in the review by Mackenzie cited on p 22 

4 The Paul and Bunnell Test 1 for Infectious Mononucleosis — This test should 
be done whenever prolymphocytes are found in the differential cell count 

(a) Technic — Inactivate the serum for 15 minutes at 56° Make a senes 0 
dilutions of the serum with o 9 per cent saline of from 1 to 4 1 to 8, etc , up to r to 
236, leaving o 5 cc of each dilution in 4 X H in test tubes To each tube add 0 5 
cc of fresh 2 per cent suspension of washed sheep er> throcytes and 1 cc of o 9 per 
cent saline, mix, place in a water bath at 37 s° for 1 hour and allow to stand in the 
ice box over night After inverting the tubes 3 times, read according to the dilution 
and the degree of agglutination 1 plus being barelv perceptible agglutination 
and 4 plus, a firm disk An agglutination occurring in a dilution higher than 1 to 32 
is diagnostic of infectious mononucleosis or serum disease 

Davidsohn* has described a test which will differentiate the agglutinins of infec 
tious mononucleosis from those which occur in serum disease 


1 Paul J R and Bunnell W W Presence of Heterophde Antibodies in Infectious 
Mononucleosis Am J M Sci 183 90 (Jan) 1932 . , T ,oa 

Bunnell \V IV Diagnostic Test for Infectious Mononucleosis Am J ai 
346 (Sept.) 1933 

*See reference on page 261 



SECTION XI SPUTUM EXAMINATION 


Sputum always contains bacteria and usually virulent organisms, 
hence it must be handled with care 

A Collection and Labelling of Specimens — x Containers — \\ ide mouth glass 
bottles are preferable Two sizes are desirable, a smaller one of 3 to 4 ounce 
capacity for routine use and a larger one of 8 ounce capacity for use when targe 
amounts are expected Urine specimen bottles are satisfactory Taper containers 
have the advantage of being easily destroyed but are unsatisfactory for volume 
determination and inspection 

2 Care of Glassware — The containers previously emptied into lysol or 
incinerator, slides and glass plates should be boiled or autodaxed in 1 or 2 percent 
dilution of liquor cresolis compositus or l\sol washed free of antiseptic in running 
tap water, and immersed for 24 hours in cleaning fluid (r part of 20 per cent potas 
Slum bichromate 1 solution to which is added ifea-fy 2 parts of concentrated sulphuric 
acid 1 ) They should then be ringed in tap water and dned preferably in a dry 
stenlizer at 220° C The containers should be stored upside down and the slides 
and glass plates should be kept protected from dust 

3 Directions to the Patient — These ha\ e been given on p 2S0 The patient 
should be warned not to contaminate the ettenor of the bottle A further precau 
tion that is desirable is to fasten a piece of paper towel about the container with 
rubber bands during the collection of the specimen 

4 Labelling and Transportation to the Laboratory — The label should be sub 
stituted for the paper towel which should be burned before the specimen is sent 
to the laboratory It should show the hours of beginning and ending the collection 
preferably a 24 hour period beginning at 8 A M as well as the name date tenta 
tt\e diagnosis and tests desired If the «putum is to be shipped the bottle should 
be tightly stoppered with a new paraffin coated cork and sent in a cardboard con 
tamer If it is to be sent to a laboratory in the same building where collected, a 
piece of paper towel fastened oxer the mouth of the bottle with a rubber band is 
best Corks which haxc been used in sputum bottles should be sterilized by auto- 
claxnng before they are used again or better discarded for incineration 

n Gross Examination — 1 Note the Volume This is best 
done b\ companion with 3 similar container on the side of which 
a *calc graduated in to cc intcrxals has been marl ed with a tile as this 
is suflicicntlx accurate for clinical purposes and axouls the danger of 
contamination and the unpleasantness of a transfer to a measuring 
c\ Under 

1 Tkrv kfrp in tfniltly when Kpantrt ImI lit n'titurc sSould t<r mde firs', onct 
in two wttki 
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2 Note the Appearance and Consistency — Describe it in such 
terms as mucoid, mucopurulent, purulent, serous, bloody, watery, or 
frothy Note whether it separates into three layers on standing if 
the volume is over 25 cc Note any caseous (cheesy) masses which 
may be present and select these for direct smears for tubercle 
bacilli 

3 Describe the Color — If green, test for bile pigment and culture 
for Pseudomonas aeruginosa (B pyocyaneus) 

Blood in the sputum (hemoptysis) differs from vomited blood 
(hematemesis) in being bright red and frothy and alkaline in reaction, 



whereas vomited blood is usually brownish and acid and never froth} 
Describe the blood present in such terms as blood streaked, small clots 
blood unmixed with sputum, “rusty,” “prune juice appearance" 
and indicate the amount on a scale of i to 4 plus 

4 Describe the Odor — It may be foul (1 to 4 plus), putrefactive, 
sweetish, or odorless 

5 Spread the sputum between glass plates and look for 
Curschmann’s spirals, elastic tissue, Dittrich’s plugs, bronchial casts, 
and purulent or caseous masses Wooden applicators or tongue blades 
which can be discarded for incineration are most satisfactor> for trans 
ferring the sputum to the plates Curschmann’s spirals are spiral coils 
of mucus (see Fig 27) Elastic tissue which is identified by the 
uniform diameter and branching of the fibers is very important 
Dittrich’s plugs are sausage shaped casts of the bronchi, varjmg in size 
up to that of a white bean, seen frequently in bronchial asthma 
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Bronchial casts have the shape of the portion of the bronchial tree 
from which they came 

C Microscopic Examination — i Unstained — Anything sus 
piaous noted on gross examination between the glass plates should be 
further studied under low power and the identification thus be com 
pletcd High power maj be necessary to identify the colorless or 
yellowish, sharp pointed octahedra called Charcot Leyden crvstals 
which arc derived from the disintegration of eosinophils Elastic tissue 
is best detected by boiling the sputum with a double volume of 10 per 
cent sodium hydroxide and examination of the centrifugated sediment 
with the low power Rarely the brownish oval ova of Faragonimus 
westermam may be found They arc operculatcd and measure 60 by 
OO micra 

2 Stained — (a) Wright s Slant — Make a thin smear and use the 
same technic as for blood smears m staining 

If bronchial asthma is suspected, a smear of sputum should alwavs 
be stained w ith Wright’s stain and examined under the oil immersion for 
eosinophils 

Large numbers of neutrophils suggest pyogenic infections or, if 
heavily laden with pigment granules (heart failure cells) thev indicate 
chronic passive congestion 

The presence of small lymphocytes monocytes and epithelial 
cells should also be noted 

(b) 1 fethslthiomnc chloride ( \fcth\lene Blue) and Oram’s Slants — 
These should be done routinely The technic has been given Record 
the predominant organism Look especially for organisms having the 
staining characteristics of pneumococci streptococci and Vincent s 
organisms Describe any others present in numbers 

(c) Examination for Tubercle Bacilli The /ichl Ncelscn stain has 
been described It should be done on a direct smear of all sputum 
specimens examined If the direct smear is negative in cases m which 
tuberculosis enters into the differential diagnosis a concentration 
technic should be employed Matson s' modification of the I Hermann 
and I rlamhcn technic is recommended 

To r part of sputum (10 or cc ) add one part of o 6 per cent 
*odium carbonate Place m a stoppered bottle Shake well and 
incubate 24 hours at 37 0 C Centrifugate at high speed for 15 minutes 
Four off the supernatant fluid Mix the sediment with an equal volume 
°f 30 per cent antiformin \llow the sediment to stand 10 to -o 

1 Milton V c I>rr \ffRlriet'cntn-*Mttrt tiri-rr ncumn Mclh Vcn t'et Sp«t U m 
strt-tjt} jrj . lu f Tu!*ftr’' aTl eo «'« (Ofl-VI-m *.ad Mvthtchtn tkilr t 

Fla d Twl -A ioj-j.s i 0 i» 
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mg to whether the albumin test is one plus or four plus The result 
must, of course, be multiplied by the dilution factor and divided by 
1000 to change it from milligrams to grams per 100 cc 

(c) Other Quantitative Tests — These are not part of the routine examination of 
the spinal fluid, but are often of value in cases of coma, when a spinal puncture is 
being done anyway and it is desired to learn at the earliest possible moment whether 
or not a patient has uremic or diabetic coma A chloride estimation is desirable 
in cases of possible tuberculous meningitis 

Emergency Tests Jot Quick Detection oj Uremia (see methods i to 4 below) — 
1 Partial Non-protcm Nitrogen Estimation —This is an application of the salivary 
urea method of Hench and Aldnch 

Technic Measure exactly 1 cc of clear spinal fluid into a beaker, add exacth 
3 cc of 2 per cent mercuric chloride solution Mix and remove a drop and test it 
with S s per cent sodium carbonate solution as in the salivary urea method If a 
positive test is secured, there is not much retention (no uremia) If negative, con 
tmue adding the bichloride solution, o 5 cc- at a time, testing after each addition 
until a brown precipitate appears A titration of 3 1 cc was obtained when spinal 
fluid contained 46 mg of non protein nitrogen per 100 cc , and a titration of 4 o cc 
when it contained 60 mg 

If the spinal fluid contains blood or protein, treat 2 cc of it with o 02 cc or 
o 04 cc , according to the amount of protein present, of 10 per cent trichloracetic acid 
solution and centrifugate Measure 1 cc of the clear fluid into a beaker, treat it 
with o 2 cc or o 4 cc , according to the amount of trichloracetic acid used of J//10 
disodium phosphate (r 42 gm of anydrous phosphate m too cc) and titrate To 
compensate for the error caused by the presence of trichloracetic acid, add 3 3 cc • 
if the smaller amount of acid was used or 3 6 cc , if the larger amount of bichlonde 
at the start but note it down as only 3 cc 

2 Quick Approximate Estimation of Creatinine — To 1 cc of clear spinal fluid 
add 9 cc of distilled water and 5 cc of picrate reagent Mix well and pour into a 
half ounce wide mouth square bottle After 8 minutes compare with the permanent 
dichromate standards which correspond to 3, 4 5 or 6 mg of creatinine per 100 cc 
of spinal fluid, using plain white paper as a background and having the light pass 
over the shoulder directly to the bottles not from one side The ' daylight electnc 
lamp may be used if sunlight is not available 

Reagents Picrate reagent Mix 5 cc of saturated picnc acid solution with 1 cc 
of dear 10 per cent sodium hydroxide just before using 

Saturated picnc acid This is about 1 1 per cent No heat must be used in dis 
solving it Use only the vefy best picnc acid Baker’s C P “special for blood 
tests ’ is very satisfactory Keep the solution in a brown bottle Make it fresh 
once a month The discarded solution can be used for blood creatinine estimations 

The standards Make these from N/ro potassium dichromate (o 491 gram per 
100 cc ) solution by the following dilutions and keep them in half ounce square 
bottles tightly corked 

3 mg standard 5 cc dichromate plus 8 5 cc water 

4 mg standard 5 cc dichromate plus 4 o cc watei 

5 mg standard 5 cc dichromate plus 2 3 cc water 

6 mg standard 5 cc dichromate plus 2 o cc water 

Keep the bottles away from the light when not jn use 
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3 Estimation of Creatinine, Usmg a Colorimeter — Dilute i cc of spinal fluid 
with 9 cc of distilled water Treat this exactly as if it were io cc of protein free 
blood filtrate The technic and calculation are exactly the same as for blood creatm 
me estimation (page 387) It is also well to prepare a creatinine standard of double 
strength (see blood creatinine method) if this is used substitute 3 for 1 $ in the 
formula for calculation 

s Estimation of Urea Nitrogen — Measure exactly 1 cc of the spinal fluid into 
tube 2 of the aeration apparatus, add buffer and urease solutions and continue 
exactlv as in the blood urea nitrogen method (page 381) 

Calculation Deduct the control for urease from the amount of N/70 acid that 
was neutralized by ammonia and multiply by 20 The result is the mg of urea 
nitrogen per 100 cc of spinal fluid 

Emergency Tests for Quick Detection of Diabetic Acidosis (see methods 5 and 
6 below) —s Estimation of the Alkali Reserve —Measure 2 cc of clear spinal fluid 
treat it with 5 cc of N/50 hydrochloric acid and titrate with N/ O o sodium hydroxide 
exactly as if plasma were being used If there is very little turbidity use the clear 
standard The calculation is the same as for plasma (page 396) 

6 Detection of Marked Hyperglycemia. — Measure exactly o 5 cc of spinal 
fluid and 4 5 cc of water into a large test tube, add 5 cc of Shaffer Hartman micro 
copper reagent and continue the estimation exactly as if 5 cc of protein free blood 
filtrate were being used (page 373) 

Calculation Find the per cent of dextrose in the spinal fluid m column B of the 
table opposite the cc of thiosulphate used for titration 

7 Chlonde Estimation — To exactly 1 cc of cerebrospinal fluid add exactly 
9 cc of distilled water Proceed with this just as directed for blood filtrate (page 
395) The calculation is also the same Report the results as mg of sodium 
chlonde per 100 cc of fluid 

See Chapter X and Table 16 (page 291) for normal values for all cerebrospinal 
fluid results 

8 Serologic Tests —Reserve 5 cc , not less than 3 cc , of cerebrospinal fluid 
m a stenle container for the Kolmer Kahn and Lange tests It is desirable to 
have these tests done on all fluids examined and they are specifically indicated in 
any case in which any form of syphilis of the nervous system is considered in the 
diagnosis 

(a) Lange Test — (1) Fnnciple — Equal quantities of colloidal gold solution 
are added to 10 test tubes containing dilutions of spinal fluid 1 to io, 1 to 20 1 to 40, 
etc , up to 1 to 5120 After standing 24 hours the tubes are read from the lowest 
dilution on the left to the highest dilution on the right The amount of precipita 
tion and the dilution in which it occurs are related to the globulin content of the 
fluid but the exact mechanism is unknown 

(2) Technic — Into the first of 10 clean dry test tubes reserved especially for 
the purpose, put o 9 cc of fresh 0 4 per cent sodium chlonde solution Into each 
of the remaining 9 tubes put o 5 cc of o 4 per cent salt solution Now add to the 
first tube o : cc of the spinal fluid to be tested Mix well Transfer o 5 cc to the 
next tube mix, transfer o s cc to the third tube Proceed in this manner up to 
and including the tenth tube Discard the o 5 cc from the last tube To the 
eleventh tube add o 5 cc of the o 4 per cent salt solution this is the control tube 
To all tubes now add 2 5 cc of the colloidal gold solution Shake each tube thor 
oughly Read the tubes after they have stood over night at room temperature 
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All readings must be done with direct daylight, holding the tubes up against the sky 
The amount of color change, due to precipitation, In the colloidal gold solution is 
expressed numerically Thus, o means no change i means very slight change, 
2 means reddish violet, 3 means violet, 4 means blue, 5 means colorless, complete 
precipitation 

(3) Reagents and Glassware — All glassware used should be Pyrcx, cleaned with 
aqua regia (3 parts of C F hydrochloric acid and 1 part of C P mine acid), and 
nnsed repeatedly with triple distilled water, dried and kept protected from dust 
after use 

Preparation of colloidal gold All of the reagents should be the purest available 
(Merck’s blue label are satisfactory) and all water should be freshly boiled distilled 
water, preferably triple distilled from a still having no rubber connections When 
ready to start the preparation, ha\e available a large water bath, a liter of freshly 
boiled distilled water, a 1 per cent solution of gold chloride, a freshly prepared 2 per 
cent potassium carbonate solution, a r per cent solution of formaldehyde (2 2 cc 
of 40 per cent diluted to 100 cc ), and a clean dry ioo° thermometer Prepare a 
small trial lot first Heat 50 cc of the distilled water in the water bath until the 
thermometer in the distilled water registers 60° Add o 5 cc of 1 per cent gold 
chlonde shake, and add o 5 cc of 2 per cent potassium carbonate, shake, and 
return to the bath Heat to 90-92°, turn out the flame, add 1 per cent formalin 
drop by drop with shaking until the red color appears Add 1 or 2 drops more 
The solution should be a bnllant reddish orange with no trace of blue If it is 
bluish, repeat using less of the potassium carbonate solution When the right 
combination is found, make a large batch, multiplying by 10 or 20 Test the gold 
after cooling with a known negative and a known paretic spinal fluid 

Normal spinal fluids show no change Read 0000000000 

B Examination of Exudates, Transudates, Secretions and Cyst 
Fluids — The specific gravity, protein content, and cell count should 
be determined on all fluids which are not grossly purulent The 
bacterial stains and cultures should be done on all fluids which prove 
to be exudates and on all grossly purulent specimens A differential 
cell count should be done on all fluids showing a cell count abo\e 100 
per c mm Do the other tests as ordered or indicated The technic 
is essentially the same whether the fluid be derived from the pleural, 
pericardial, peritoneal, or joint cavities or from a cyst or abscess 
Since fluids occasionally clot, it is safer to place 10 cc in a test tube 
containing 20 mg of potassium oxalate, as for blood, to be used for 
the white and differential cell counts The fluid must, of course, 
be collected m a sterile container with aseptic precautions, if cultures 
are desired 

1 Gross Examination — Note the total volume removed, describe 
the color and appearance Record the specific gravity 

2 Protein Content- — (a) Total Protein Content ■ — Determine this 
by performing an Esbach test on a 1 to 10 dilution of the fluid and 
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multiplying the result b> 10 If only a faint cloud appears, empty 
the tube and perform the test on the undiluted fluid (page 360) It is 
better to use the method given for quantitative estimation of protein 
in cerebrospinal fluid on a 1 to 100 dilution in o 9 per cent sodium 
chloride solution (page 519) 

(b) Rt^alla Test — Add o 2 cc of 10 per cent acetic acid to 100 cc 
of distilled water in a tall cylinder Mix, and add a drop of the fluid 
to be tested If the fluid is an exudate, a white cloud appears as the 
drop sinks in the liquid Transudates gn e only a v ery faint cloud or 
none at all This test detects the differences in globulin content 

3 Microscopic Examination — (a) Cell Count — If not grossly 
purulent or b!ood\ , do a white cell count b\ the technic used for blood 
if a high count is expected or by the technic for spinal fluid if a low- 
count is expected The cell count should be done within 1 hour of 
the time of withdrawing the fluid 

(b) Differential Cell Count and Bactcnologic Examination — Cen 
tnfugate a 10 cc portion of the fluid if cells are scarce and make smears 
with the sediment in the usual way If cells are very numerous, 
direct smears will suffice Wright’s and Gram’s stains are to be made 
as a routine Do a differential count on the Wright’s stained smear 
and look for bacteria in both preparations Note whether red cells 
are present or absent 

For the detection of tubercle bacilli, inoculation of a guinea pig 
in the inguinal region with 10 cc of fluid secured under sterile conditions 
is usually necessary Occasionally , however, tubercle bacilli may be 
demonstrated by treating the sediment from a large volume of fluid 
with an equal volume of 30 per cent antiformin, diluting, centrifugating 
making smears with the concentrate, and staining by the Ziehl Neelsen 
method 

(c) Tumor cells 1 may in rare instances be demonstrated in effusions resulting 
from certain types of malignant disease 

(d) In cyst fluids look, also for hooLiets of Taenia echinococcus (rare) 

4 Quantitative Chemical Examination — This is rarely indicated Use the 
directions given for the preparation of Fohn filtrate from plasma and the methods 
given in the section on blood chemistry Exactly the same technic as for blood is 
satisfactory for urea nitrogen determinations 

* Toot N C The Identification of Tumor Cells in Sediments of Serous Effusions 
Vm J Path 13 i-ii (Jan ) 1937 
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A Fifal Capacity Determination — The patient, preferably in the standing or 
sit ting posi tion, is instructed to take the deepest possible inspiration and then empty 
his lungs as completely as possible into a spirometer The spirometer of the McKes 
son or Benedict basal metabolism machines may be used The average volume of 
air expired on several trials is the total vital capacity No corrections are made for 
temperature and pressure Trom the patient’s height and weight, find the surface 
area from Table as (P 426) and report the result as liters per square meter of body 
surface 

B Examination oj Genital Secretions — i Prostafic Fluid.— The fluid, obtained 
by prostatic massage immediately after unnation, should be examined grossly 
between glass plates as described for sputum and microscopically both unstained 
and with methylene blue and Gram s stains The fluid is normally grayish white 
tenacious and turbid and sometimes contains semi solid clumps Microscopically, 
spermin crystals (four sided prisms) and spermatozoa (Fig n) which may be either 
active or dead are normal constituents 

The most important deviations from the normal to record are a grossly purulent 
or bloody appearance and the character and approximate quantities of any pus cells 
or bacteria if found on microscopic examination Of the latter, the gonococcus is 
most important This is a gram negative biscuit shaped diplococcus which is often 
intracellular 

2 Semen — This is usually studied as an aid in determining the cause of sterility 
Hence, the chief point to observe is the number of spermatozoa present and their 
activity They normally progress rapidly across the field of a moist cover slip 
preparation with a violent whrp like motion of their tails Only in inactive forms 
can the morphology (see Fig n) be well seen Other points to note are the same 
as m examination of prostatic fluid 

The specimen should be examined as soon as possible after intercourse (within 
one hour) It is desirable to have the woman come as soon as possible after inter 
course to the place where the examination is to be made and the physician should 
there collect a specimen from the vaginal vault and from the cervical canal If 
these show numerous active spermatozoa, no other study is necessary , if they do 
not, a condom specimen or better a specimen collected manually in the office in a 
glass container is desirable in addition 

Note the volume describe the gross appearance, and examine a moist cover s p 
preparation microscopically Record the approximate number of spermatozoa 
present the percentage of actively motile forms and the presence of pus or red cells 
A spermatozoa count 1 may be made by diluting o 5 cc of well mixed semen wi 
19 5 cc of s per cent sodium bicarbonate solution in 1 per cent formalin, mixing 
thoroughly, mounting on a hemocytometer counting chamber and counting t e 


1 Beldmg D L Fertility in the Male I Technical Problems in 
ards of Fertility Am J Obst and Gynec 26 868 (Dec) 1933 
Spermatozoa Count Am J Obst and Gynec 27 25 (Jan ) 1934 
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Positive 

Flate I\. — The Triedman pregnancy test 

Reproduced bj permission from Matheiu A 1 aimer A and Holman A The Friedman 
Pregnancy Test Northwest Med 31 *15 (May) 1932 
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injection Aseptic precautions arc not necessary Kill the rabbit 36, or preferably 
48, hours later bj a blow on the back of the neck Open the abdominal cavity 
and examine the tubes and ovaries A positive test Is indicated by the appearance 
of the reddish, hemorrhagic corpora lutca, illustrated in Plate IX In a negative 
test, the tubes and oxancs arc much smaller and show no hemorrhagic corpora 
lutca The accuracy of the test is slightly greater if 2 rabbits are used An 
extremely positive test in which the whole ovary is a mass of hemorrhagic nodules 
suggests a chononepithchoma and repetition of the test, using only 1 cc. of unne 
Many variations of this technic have been suggested but the method outlined 
above has proved more satisfactory and economical It is absolutely essential 
that the rabbits be kept in separate pens if the results arc to be dependable 
If a negative test is secured on unne voided less than 10 days after the date when 
the first missed menstrual period should have begun the test should be repeated on 
unne voided after this date before using the negative result as evidence against the 
diagnosis of pregnancy A positive result in the first 10 days is significant and 
sometimes occurs 
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Plan of the Index 

In this index I have arranged alphabetically most of the diseases 
and syndromes in which laboratory methods are of material aid 
Following each disease is the page reference to the chief discussion of 
that disease when such a discussion is given Diseases or syndromes 
which are common and m which laboratory study is of major impor 
tance are given in boldface type Following the page reference in 
many instances is a list of conditions which should also be consulted 
in this index These conditions include common complications, dis 
eases which may simulate the one under consideration, etc 

Under each disease or syndrome are listed the laboratory procedures 
and findings which may be of value or interest in the study of this 
condition These are grouped as follows Under A are listed those 
procedures which an intern in a modern hospital could reasonably be 
expected to order within twenty four hours after the admission of a 
patient presenting this syndrome, or in whom this disease was con 
sidered in the differential diagnosis, in other words, the tests that should 
be done on all these cases Under B are listed the additional tests 
which are of value in early, acute or especially puzzling cases Under 
C are listed the additional tests which are of value in late, chronic or 
especially severe cases Under D are listed tests whch may give 
deviations from the normal in this condition, but which are so difficult 
or so dangerous that they would be performed only in research studies, 
or which give results that are of academic interest rather than of 
definite value in making the diagnosis or m caring for the patient 
After each test is given in ordinary type the page references to the 
discussion of the interpretation of that test and in boldface type, page 
references to the technic for that test Absence of a reference in either 
kind of type means that the corresponding discussion will not be found 
in this book and should be sought in reference works on the particular 
subject This applies to most of the bactenologic and serologi 
procedures mentioned An effort has been made to use terminology 
which will suggest not only the tests to perform, but also the deviation 
from the normal which may occur in that condition To save repcti- 
5*7 
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tion, common syndromes such as acidosis, anemia, diarrhea, jaundice, 
vomiting, etc which always demand a certain group of laboratory 
studies arc listed alphabetically as if they were diseases and mention 
of the syndrome with q \ following it is gi\ en after the diseases in which 
it occurs Procedures such as the routine urinalysis, hematologic 
examination, serologic tests for syphilis, and sedimentation rate t thick 
should he done on cncry patient are listed only when the results are of 
particular value or interest Procedures which are of great importance 
are given in italics Tests which are of value in controlling treatment 
and in prognosis are given as well as those which are of diagnostic value 

Use of the Index 

This index is not a substitute for cerebration, but tj used tn accord 
attce unit the principles outlined in Chapter I it should greatly aid the 
practitioner, intern, or student in planning rapidly and efficiently the 
laboratory study and in deriving the maximum information from 
the results obtained After completion of the history or physical exam 
ination look up the diseases included in the differential diagnosis in 
the index, and any others which are suggested therein Read the chief 
discussion if not already familiar with it Glance down the list of 
procedures, ordering those indicated in the particular case, if the 
terminology used does not aid you to remember, look up the inter 
pretation and technic Bear in mind that only the usual deviations 
can be suggested in the index and that the whole discussion of the 
test must be understood to interpret the result properly Hence, it 
will sometimes be necessary to read a page or more of interpretation 
before coming to the specific mention of the particular disease 

Abortion septic, 323 See also septicemia Abscess amebic — ( Continued ) 
and lung abscess Eostnophiha 240 47 ® 

A Blood culture 258, 509 Simple leukocytosis 237, 47 ® 

Neutrophilia 238, 475 Monocytosis 243, 47 ® 

immature forms increased 246,476 C Smear and moist preparation of pus 
Anemia normocytic, q v , 202 212 Endameba histolytica, 151 447 

462 488 D Sedimentation rate, 253 5 01 

Sulfanilamide level in blood 261, 4x7 Abscess pyogenic 258 See also bran* a 
B Aschheim Zondek test 316 525 scess lung abscess, and liver abscess 

C Toxic neutrophils 252 483 A Smears and cultures of pus /or organ 

D Sedimentation rate increased 253, » sms 258, 507, 509 

501 Neutrophilia 238 47® 

Abscess amebic, rjr See also liver ab~ Sedimentation rate increase , 2 $3 

scess 501 

A Routine feces examination 146 443 C Anemia, normocytic q v 002 212 

Endameba histolytica 151 447 4 ® J i 4 88 

Toxic neutrophils 252 4°3 
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Abscess pyogenic — {Continued) 

Sulfanilamide level in blood 261 4*7 
D Proteosuna 18, 342 
Abscess tuberculous 238 
A Total and differential white cell 
count variable 237 243 244 476 
Sedimentation rate 253 501 
C Smear concentration technic, guinea 
pig inoculation for tubercle bacilli 
2S8 507 508,5:5 

Acholunc jaundice 215 See hemolytic 
icterus 

Acidosis, 73-91 
A Alkali reserve low 77 396 
Tests j or ketonuria 70-73 344 
Blood urea nitrogen 32 381 
B Alkali tolerance test 81 378 
C Total titratable acidity of urine 
increased 80 379 

Cerebrospinal fluid examination 302- 
309 521 

Coma q v 302-313 

D pH of unne decreased of blood 
decreased or normal 80 341 
Ammonia nitrogen over to per cent 
of total nitrogen in 24 hour unne 
80 363 367 

Carbon dioxide tension of alveolar 
air 82 

Acromegaly 114 See also pituitary, h> 
perfuncUon of 

A Basal metabolic rate 103 423 
Dextrose tolerance test 65 394 
B Cerebrospinal fluid examination 294 
3U.5I7 

D Glycosuna 60 345 346 
Actinomycosis 

A Sulphur granules in i eatery pus 497 
Smear and stain for other organisms 
*58 507 509 

Total and differential white cell count 
237 476 

Sedimentation rate 253 501 
Addison s disease 115 See also tubercu 
losis carcinomatosis amyloidosis 
A Dextrose tolerance cun e low 63 394 
Blood chlorides low 132 395 
B Congo red test for amxloidosis 42 
4U 

C Hypoglycemia 63 390 
Oliguna 27 339 

Anemia normocytic q v 2:9 462 
488 


Addison s disease — ( Continued ) 

Basal metabolic rate low 106 423 
Blood urea nitrogen elevated 33 381 
Vomiting q v 84 86 
D Eosmophilia 240 476 
Adrenal cortical adenoma of 115 See 
also pituitary basophil adenoma of 
ovary arrhenoblastoma of 
A Dextrose tolerance curve high 65 
394 

Glycosuna 37 345 
Basal metabolic rate normal g4 423 
Agranulocytosis angina 245 See also sore 
throat aplastic anemia leukemias 
A Granulopenia 245 476 

Anemia absent 186 462,471 
Smear and culture of throat 238 
5t>7-509 

Platelets normal or increased 271 

504 

Sternal puncture 199 499 
Alastnm See smallpox 
Albers Schonberg disease See osteo 
sclerosis 

Albuminuna (orthostatic postural func 
tional lordotic) :6 342 
Alkalosis, 73-91 

A Alkali reserve increased 77 396 
C Total titratable acidity of unne 
decreased 80 379 
Coma q v 302-313 

D pH of unne increased of blood normal 
or high, So 341 
Alkaptonuna 57 

A Ilomogentisic acid in urine 37, 349 
Allergy See also hay fever asthma 
angioneurotic edema purpura, urti 
cana 

A Skm tests for protein sensilt ahon 
Eosmophilia 240 476 
Sedimentation rate normal 253 501 
D Proteosuna 18,342 
Amenorrhea See also pituitary hypo 
function of pregnancy etc 
A Basal metabolic rate 106 423 
Dextrose tolerance test 63 394 
II Aschheim Zondek test 316 525 
D Hormone tests on blood serum 97 
Amyloidosis 31 See kidney amyloidosis 
of tuberculosis osteomyelitis etc. 

A Congo red test positive 42 414 
Anaphylaxis 

D Alkali reserve 83 396 
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Anemia, 1 86, 202-233 See also all anemias 
following and anemia in Banti’s dis 
case endocarditis. Infectious diseases, 
intestinal parasites, leukemias malaria 
nephritis, poisoning, etc 
A Red cell count, 174 184,471 
Hevtotlobtn 177 184,462 
Cell volume, 181, 487 
Color index, 179, 18S 488 
{ chin iff index, 18 2, 18S 488 
Saturation index, 183, 188 488 
Icterus index, 139, 196, 410 
Total and differential while cell count, 

228, 475, 476 

Abnormal red cells, l88, 476 
Feces for blood and intestinal parasites, 
>47. >50. 443. 445. 447 
Stomach contents analysis, x 2 r, 434 
Urobilinogen in urtne 137, 196 357, 
379 

Reticulocytes, 194 496 
Malaria parasites 197 484 
B Sternal puncture 199 499 
Fragility test, 197, 498 
Red cell diameter 190 49s 
Blood culture, 258 509 
Moist cover slip preparation 191, 
497 

C Coagulation time 270 503 
Bleeding time, 269, 503 
Platelet count, 271, 504 
Clot retraction 270 504 
Capillary resistance test 270 505 
Blood group determination, 276 510 
Albuminuria 17 342 
Oliguria 27 338 

Ascitic fluid transudate 284 522 
D Basal metabolic rate increased, 106 
423 

Unc acid in blood and unne increased, 
4>. 388 

Splenic puncture 201 500 
Modified Mosenthal test 30 360 
Dilution and concentration test 31 
361 

Blood chloride high 38 395 
Van den Bergh test 142 4x2 
Blood volume 223 413 
Urobilinogen in feces 149 445 
Anemia aplastic 204 220 See also 

poisoning benzol arsenic radium etc 
A Anemia normocyltc q v 188 488 
Granulopenia, 245 476 


Anemia, aplastic — (Continued) 
bo reticulocytes, 194 496 
No immature red cells 188 476 
Thrombopenta, 27 r, 504 
Bone marrow puncture, 199 499 
Blood group determination 276 510 
Coagulation time normal 270, 503 
Bleeding time prolonged 269 503 
Clot retraction delayed 2,0 504 
Capillary resistance test positive 
270, 505 

Blood in feces 147 44s 
Hematuria, 19 349 
C Angina, Vincent’s q v 
Jaundice hematogenous q v 
Anemia Cooley’s 222 See also er> 
throleukoblastosis syphilis congenital 
V Anemia, normocytic qv 188 212 
222,488 

Abnormal erythrocytes 188-194 47^ 
Simple leukocytosis 237, 475 
Immature leukocytes 246 476 
Icterus index increased 139 196 4>° 
Urobiltnogenuna, 137, 196 357.379 
Rehculocytosis 194 496 
Anemia, hemolytic, 20^ 2x2 214 See also 
hemolytic icterus, poisoning etc 
A Anemia, normocytic q v 18S 488 
Icterus index increased 139 >9®. 
410 

Urobiltnogenuna 137 196 337 379 
Immature red cells 188 476 
Choluna absent 137 35® 
Reticulocytes 194 496 
B Fragility test 197, 498 
Blood culture 258 509 
Direct van den Bergh negati\e 14* 
4x2 

Urobih nogen in feces 149 445 
Anemia of hemorrhage acute 206 si A 
See also cirrhosis peptic ulcer Banti s 
disease ectopic pregnancy etc 
A Red cell count and hemoglobin normal 
or low 174 >77 46 >. 477 
Icterus tndex 139 196 410 
Urobiltnogenuna 137 19 6 357.37 9 
Reticulocytes increased 194 49 6 
C Blood group determination 276 5 10 
Anhydremia qv 
D Simple leukocytosis, 237 47 6 

Color volume and saturation indexes 
normal 188 488 
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Anemia of hemorrhage chrome, 206 211 
See also gastrointestinal tract car 
cinoma of hemorrhoids menorrhagia 
metrorrhagia hemorrhagic diseases 
etc 

A Anemia hypochromic microcytic 1 1 
Feces for blood 147 443 
Urine for blood 19, 349 
B Thrombopema, 271 504 

Coagulation tune bleeding time and 
clot retraction 269 270 503 504 
Anemia, hypochromic microcytic 188 203 
210 See also anemia of chrome 
hemorrhage, anemia idiopathic hypo 
chromic chlorosis etc 
A Red celt count decreased or normal 174 
471 

Hemoglobin decreased 177 462 
Color volume and saturation indexes 
low 188 488 

Uterus index low or normal 139 196 
4:0 

Reticulocytes 194 496 
Microcytosis and achromia 189 193 
476 

C Blood group determination 276 $to 
Poikilocytosis 190 476 
D Red cell diameter decreased 190 495 
Karyocytes increased in sternal mar 
row 199 499 

Anemia idiopathic hypochromic 211 
A Anemia, hypochromic microcytic q v 
Achlorhydria 126 434 
Anemia iron deficiency 203 210 See 
anemia hypochromic microcytic 
\nemia I ederer s 217 
A Anemia normocytic qv 18S 212 
Icterus index increased 139 410 
Lrobthnogennna, 137 357, 379 
Reliculocylous 194 496 
Blood grouping 276 510 
Nucleated erythrocytes 193 476 
Immature granulocytes 246 476 
C Hemoglobinuria q v 22 

Jaundice hematogenous q v 159 
Blood urea nitrogen increased 32 381 
Fever q v 

D Sternal marrow hyperplastic 199 499 
Simple leukocytosis 237 476 
Anemia macrocytic iSS 203 207 See 
also anemia pernicious Diphyllo 
bothnum infestation sprue pernicious 
anemia of pregnancy 


Anemia, macrocytic — (Continued) 

A Red cells decreased 174 471 

Hemoglobin decreased or normal 177 
462 

Color and volume indexes over t 2 1 79 
188 488 

Saturation index normal 183 188 488 
Icterus index increased, 139 196 410 
Reticulocytes 194 496 
1 lacrocytosis 189 495 
Urobthnogenurta, 137 196 357,379 
B Kary oblasts increased in sternal 
marrow 199 499 
C Polychroraatophiha, 192 476 

Karyoblasts and p rotary ocytes 193 
476 

Poikilocytosis 190 476 
Blood group determination 276 510 
D Red cell diameter increased 190 495 
van den Bergh test 142 412 
Polylobocy tes 231 476 
Anemia myelophthisic 20s 217 See also 
leukemias osteomyelitis myeloma 
multiple carcinomatosis etc 
A Anemia normocytic qv 

Immature granulocytes 246 476 
Abnormal red cells 18S 476 
Sternal puncture 199 499 
Reticulocytes increased 194 496 
Simple leukocytosis eosmophilia and 
basophilia, 237 240 242, 476 
Icterus index normal or low, 139 196 
410 

Sedimentation rate increased 253 
501 

Bence Jones proteinuria 17 342 
Anemia, normocytic, 188 204 212 

A Red cells and hemoglobin decreased 
174 177 462,484 

Color and volume index normal 179 
182 1 83 488 

Saturation index normal 183 188 
488 

Reticulocytes 194 496 
Icterus index 139 196 410 
Urobilinogen m urine 137 196 357, 
379 

ft Sternal puncture 199 499 
C Amsocytosis and poikilocytosis 189 
190 476 

Blood group determination 276 5:0 
D Red cell diameter normal or de- 
creased 190 495 
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Anemia, pernicious, 207 
A A nemta, macrocytic, q v 
Achyha 126,434 

Blood and parasites absent from feces, 
I47» *S®> 443> 445. 447 
Simple leukopenia, 344, 47S» 476 
Cboluna absent 137, 356 
B Red cell fragility decreased, 197, 498 
Blood culture negative, 258, 509 
Malaria parasites absent, 197, 484, 
C Thrombopema, 271 504 

Coagulation time, bleeding time and 
clot retraction, 269, 270 503, 504 
Capillary resistance test 270 505 
Oliguna, 27, 338 
Poljlabocyt.es, 251 476 
riuid accumulations transudates 284 
522 

Immature granulocytes 246 47*> 
Hemoglobinuria, 22 357 
D Urobilinogen in feces increased 149 
44S 

Basal metabolic rate increased 106433 
Intrinsic factor absent from gastric 
juice 1x9, 169 

Blood and urine unc acid increased 

41 388 

Blood cholesterol low, 42 4°8 
Blood and plasma volume ’23 4x3 
Anemia, splenomegalic 217 See also 
cirrhosis Banti’s disease portal and 
splenic thrombosis etc 
A Anemia, normocyhc q v 
Icterus index, 139 196 4to 
Urobilinogen in urine 137 *9 6 357i 
379 

Leukopenia 244 476 
Thrombopema 271 504 
Feces for blood 147 445 
B Fragility test 197 498 
Blood culture 258 509 
Malana parasites absent, 197 484 
Sternal puncture 199,499 
Splenic puncture 201, 500 
C Coagulation time bleeding time and 
clot retraction, 269 270 503, 504 
Capillary resistance test tyo, 505 
Fluid accumulations transudates, 284 

522 

Obguna, 27 338 

D Blood and plasma volume increased 
223 4i3 

Van den Bergb test 142 422 


Anesthesia 

A Routine urinalysis before, 17, 338 

C Routine hematologic examination be 
fore 171,458 

Blood urea nitrogen before 32, 381 
Blood sugar before, 61 390 
Albuminuria after, 17, 342 
Ketosis after 73 344 
Gljcosuna after, 57 345 

D Acidosis, q v , 84 

Aneurysm See also syphihs, tertiary 
aortic insufficiency, tabes dorsalis 
aneurysm dissecting 

A Serologic tests for syphilis negative to 
4 plus, 2$g 300 512 
Cerebrospinal fluid examination 2gr 
5*7 

C Sputum examination 280 5x3 
Aneurysm dissecting See also coronary 
occlusion 

B Icterus index increased, 139 4*® 
Simple leukocytosis, 237, 47& 
Sedimentation rate increased 253 501 
Angina, Ludmg s See also sore throat 

A Neutropbiba 238,476 

Immature forms increased 246 47 6 
Sedimentation rate increased 253 5 01 
Smear and culture of throat, 258 5°7i 
509 

C Streptococci in smear or culture of 
excised necrotic tissue 258 5°7* 5°9 
Toxic neutrophils 252 483 
Angina, Vincent’s See also sore throat 
lung abscess 

A Fusiform bactlh and spirochetes m 
smear from membrane 258 5°7 
Angioneurotic edema See also allergy 
focal infection purpura simplex 

A Eosinophiha 240 476 

Capillaiy resistance test 275 505 

C Albuminuria casts in unne and 
hematuria, 14 18 19 3421349,3s 1 
Skin tests for protein sensitisation 
Anhydremia 50 See burns vomiting 
diarrhea perspiration heat exhaus 
tion etc 

A Blood chloride low 132 395 
Alkali reserve 77, 39 6 
QUtuna 27 338 

C Blood urea nitrogen and creatinine 
increased 32 37 3811 3 S 7 
plasma proteins increased, 39 4°S 
Blood volume decreased 223 4*3 
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Anhy dre ml a — ( Continued) 

D Ery throcy tosis qv 
Blood unc acid 41 388 
Blood non protein nitrogen increased 
35 386 

Ankylostomiasis 153 See also uncmana 

A Ova in feces 153 456 

Anemia hypochromic microcytic, q v 
210 

Eosinophilia 240 476 
Blood in feces 147 445 
Anorexia nervosa, 107 See also cachexia 
and pituitary cachexia 
A Anemia hypochromic microcytic 210 
Ketosis 73 344 

C Basal metabolism low 94 423 
Cachexia q v 

Anthracosis See also pneumoconiosis 
A Sputum examination 282 513 
Anthrax (Caution 1) 

A Gram positive bacilli in smear from 
pustule or sputum 258 507 
Neutrophilia 238 476 

Immature forms increased 246 476 
Fever qv 

B Guinea pig inoculation 2s 8 
C Blood culture 258 509 
Toxic neutrophils 252 483 
Anuna 27 See also uremia nephritis 
poisoning hemoglobinuria etc 
A Blood urea nitrogen increased 37 
381 

Blood creatinine increased 37 387 
Allah reserve 77 396 
C Cerebrospinal fluid examination 291 
5X7 

D Blood non protein nitrogen increased 
35 386 

Blood unc acid increased 41 388 
Aortic insufficiency See also heart failure 
syphibs tabes dorsalis 
\ Serologic tests for syphilis, 259 51a 
Cerebrospinal fluid examination (pa 
lients o%er 30) 291 517 
Aortitis See also syphilis tabes dorsabs 
aneurysm aortic Insufficiency 
A Serologtc tests for syphilis 259 512 
Cerebrospinal fluid examination 29s 
5X7 

Apoplexy See brain hemorrhage and 
encephalomaUcia 
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Appendicitis. See also abscess pylephle 
bitis salpingitis cholecystitis etc 
A heutrophilta, 238 476 
B Sedimentation rate 253 501 
Icterus index normal 139 410 
Urobihnogen in unne, 137 357, 379 
C Immature neutrophils increased 246 
476 

Pentomtis q v 
Abscess py ogemc q v 
Pylephlebitis qv 
Toxic neutrophils, 252 483 
D Hematuna 19 351 
Arachmdism See also pentomtis 
A Simple leukocytosis 237 476 
C Shock qv 

Albuminuna 17 342 
Hematuna 19 351 
Casts 18 349 
Diarrhea q v 

Ilemoglobinuna qv 22 357 
Arachnoiditis 

A Cerebrospinal fluid pressure increased 

294 5 X 7 

Ayala s quotient increased, 296 517 
Artenosderosis See kidney, atherosdero 
sis of, brain athersderotic heart failure 
Arthntis See also gonorrhea rheumatic 
fever, focal infection gout Feltys 
syndrome 

A Anemia, norraocytxc q v 188 204 
212 488 

Total and differential white cell count 
228 475,476 

Sedimentation rate 253 50 r 
B Blood culture 259 509 

Urethral and cervical smears 258 

507 

Blood uric acid normal 41 388 
C Examination of aspirated articular 
fluid 285 522 
Feces for amebae 151 447 
D Dextrose tolerance curve high 65 
394 

Blood calcium 107 403 
Aehlorhydna 126 434 
Ascanasts 153 See also jaundice obstruc 
Use intestinal obstruction 
A Ova or parasite in feces 153 455 
Anemia normocj tic qv 214 
Eosinophilia 240 476 
C. Icterus index 139 410 

Urobihnogenuna 137 357 379 
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Ascites 285 See also cirrhosis, heart 
failure, nephrosis, nephritis, Band's 
disease, etc 

A A settle Jlmd examination, 285 522 
Unite volume and specific gravity 26, 
338 

Icterus index, 139, 410 
Urobilinogen tn urine, 137, 357, 379 
B Dye test of liver function, 143, 4:2 
Plasma proteins 39 405 
C Smear culture, and guinea pig tnocuh 
lion of fluid, 238 507 
D Van den Bergh test 142, 4x2 
Asphyxia See also anesthesia poisoning 
morphine, etc 
D Glycosuria 57,345 
Acidosis q v , 84 

Asthma, bronchial 283 See also bron 
chi us, bronchiectasis asthma cardiac 
A Sputum examination, 280, 5x3 
Eosinophils in sputum, 283 5x5 
Eosmophilia, 240, 476 
Skm tests for protein senstti alton 
Sedimentation rate normal, 253, 501 
beuirophtha absent, 238 476 
C Heart failure, congestive qv 
D Acidosis 79 

Asthma, cardiac See also heart failure 
asthma bronchial 
A Sputum examination 280 513 
B r osinophils absent from sputum, 283 
5i5 

Total and differential white cell count 
normal 228 475, 476 
Sedimentation rate normal 253 50X 
Atrophy of hv er acute yellow See liver 
Ayerza s disease 226 See also pulmonary 
artenes stenosis or atherosclerosis of 
heart failure 

A Erythrocytosis 188 226 462, 471 
Serologic tests for syphilis, 259 512 
B Total and differential white cell count 
normal, 228 475 476 
Platelet count normal 271 504 
C Blood and plasma volume 223 413 
D Blood viscosity increased 

Bacteuemia See also septicemia endo 
carditis pneumonia, puerperal sepsis 
typhoid fever undulant fever etc 
A Blood cultures 259 509 
Neutrophilia 238 476 

Immature forms increased 246 476 


Bacteriemla— (Continued) 
fever, q v 

Sedimentation rate increased 253,501 
Anemia, normocytic q v , 214 
C Leukopenia 252 475 
Toxic neutrophils 252 483 
Balantidium infcstaUon 
A Large motile cihates in feces, 152 451 
Tcces examination 146, 443 
C Diarrhea q v 

BanU's disease 157 217 See also portal or 
splenic veins thrombosis of cirrhosis 
spleen, tuberculosis of, schistosomiasis 
A Anemia, splenomegahc qv,2i7 
Ilematemesis, 128, 436 
Tcces for blood, T47 443 
Stomach contents for blood >28, 440 
C Ascitic fluid transudate ’85, 522 
Bartholinitis see gonorrhea 
Bathing prolonged cold 
D Albuminuria 17 342 
Glycosuria 57.345 
Simple leukocy tosis 236 476 
Erythrocytosis r86 462,471 
Bee stings 

C Immature granulocytic cells in blood 
246, 476 

D Simple leukocytosis 237, 476 
Bile ducts obstruction of See jaundice 
Bile ducts obstruction of, congenital 
A Jaundice, complete obstructive q v 
Cirrhosis obstructive biliary q v 
Bilharziasis 154 See schistosomiasis 
Blackwater fever 22 See also paroxysmal 
hemoglobinuria 
A Hemoglobinuria, 22 357 
Malaria qv 197 484 
Anemta, hemolytic, q v 214 4® 2 47 1 
Blood urea nitrogen increased 32 381 
Fever q v 

B Donath Landsteiner test negative 22 
5 ™ 

C Albummuna 17 342 

Jaundice hematogenous, q v 13^ 

Bladder carcinoma of 
A Hematuria 19 35* 

Anemia of chronic hemorrhage q v 
211 

B Sedimentation rate 253 501 
Bladder, paralysis of 50, 312 See also 
multiple sclerosis tabes dorsalis spinal 
cord tumor etc 
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Bladder paralysis of — (Continued) 

A Cystitis q v , 49 
Pyelitis, q v 49 
Hydronephrosis q v , 49 
C Pyelonephritis qv 50 
Pyonephrosis q v , 49 
Blastomycosis 

A Budding yeast cells tn sputum or pus 
Bones marble See osteosclerosis 
Botulism See also food poisoning 
A Total and differential white cell 
counts normal 228, 475 476 
B Ingestion of food parody es and kills 
chickens or animals 

Brain abscess 31 1 See also otitis media 
and lung abscess 

A Cerebrospinal fluid examination 291 
517 

Total and differential white cell 
count 228 475»476 
Sedimentation rate 253 5 01 
Brain atherosclerotic 308 See also en 
cephalomalacia 

D Cerebrospinal fluid examination 291 
5i7 

Brain hemorrhage, 308 See also encepha 
lomalacia subarachnoid hemorrhage 
subdural hemorrhage 
B Cerebrospinal fluid examination 291 
5i7 

Icterus index increased 139 4 10 
D Glycosuria 57 345 
Hyperglycemia 61 390 
Cerebrospinal fluid dextrose increased 
301 521 

Simple leukocytosis 237 476 
Brain injury 307 

A Cerebrospinal fluid examination sgi 
517 

D Glycosuria 57 345 
Hyperglycemia 6r 390 
Cerebrospinal fluid dextrose increased 

301 521 

Brain tumor 311 See also brain abscess 
A Cerebrospinal fluid examination 291 
5t7 

Serologic tests for syphilis 300 5x7 
Bright s disease 11-54 See nephritis 
nephrosis hypertensive cardiovascular 
disease 

Bronchiectasis, 280-283 See also bronchi 
tis pulmonary tuberculosis 
A Sputum examination 280 5x3 


Bronchiectasis — ( Continued ) 

Cultures and smears of sputum and 
stnus u askings 258 507 
C Congo red test for amyloidosis 42 

414 

Heart failure congestive q v 
D Vital capacity 288 524 
Bronchitis 280-283 See also pneumonia 
lobular pulmonary tuberculosis bron 
chiectasis sinusitis spirochetosis 
A Sputum examination 280 513 

Total and differential white cell 
count 228 231 475 476 
B Smear and culture of sputum 258 
507 

C Smear and culture of slashings from 
sinuses 258 507 

Smear and guinea pig inoculation for 
tubercle bacilli negatne 258 507 
Anemia q \ 212 
Sedimentation rate 2^3 501 
Vital capacity normal 288 524 
Bronchus carcinoma of 280-283 See also 
pulmonary tuberculosis 
A Sputum examination 280 S I 3 
C Pleural fluid examination 287 522 
Vital capacity decreased 288 524 
Sedimentation rate increased 53 
501 

D Cachexia q v 
Buerger s disease 
D Capillary microscopy 289 
Burns 50 

A Blood chloride low 132 395 
Alkali reserve 77 396 
C Oliguria 27 338 
Acidosis q v 
Anhydremia q \ 50 
Hemoglobinuria 22 357 
Erytbrocytosis q v 

Cachexia and malnutrition 
A Anemia hypochromic microcytic qv 
210 

Ketosis 73 344 

D Basal metabolic rate low 107 423 
Simple leukopenia 244 475 
Serum proteins low 39 403 
Thrombocytosis 271 504 
Dextrose tolerance test diabetic curve 
65 394 

Negative nitrogen balance 80 367 
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Calculi, renal, bladder, or ureteral, s 6 
Sec also cystitis, pyelitis p> clone 
phntis 

A Hematuria, 19, 351 

Total and differential white cell count 
normal «S, 475 476 
Sedimentation rate 233 501 
Urine sediment 18, 349 
Look for cystm crystals, 25, 353, 355 
Analysis of calculi, 26, 354 
D Parathyroid hypcrfunction, q v , log 
Xl6 

Illood calcium, 107, 403 
C Cystitis, pyelitis or pyelonephritis 
qv 49*50 

Carbuncle See also diabetes mellitus 
A Dextrose tolerance test, 65, 394 

Stain and culture of pus for organisms 

238 507 

Total and differential white cell count 
228, 47s. 476 
C Glycosuria 37 345 
Blood culture 238, 509 
Blood sugar 61, 39° 

Tone neutrophils 232 483 
Carcinoma 154 See under separate or 
gans 

C Cachexia q v 

Carcinomatosis See abo my eloma mul 
tiple, xanthomatosis 
A Anemia hypochromic microcytic 
q v 210 2 o 

Anemia, myelophthisic qv 20 j 217 
220 

Sternal puncture 190 499 
C Carcinomatous effusions 287 52a 
Liver carcinoma of, q v , 134 
Cardiovascular renal disease See hyper 
ten ive 

Carotmemia 139 See also jaundice 
A Icterus index, 139 410 
D Quantitative estimation of carotin, 
4x0 

Catarrhal jaundice 158 See hepatitis 
Celiac disease 

A Anemia hypochromic microcytic 
q v 210 

Cerebral See also bram 
Cerebral edema 52 308 See eclampsia 
skull fracture uremia poisoning, hyper 
tensive cardiovascular disease nephritis 
acute subacute chronic etc 


Cerebral edema — (Continued) 

A Urinalysis, 14,338 
Oliguria, 27 338 

Cerebrospinal fluid pressure increased, 
294 

Other cerebrospinal fluid findings 
variable 290-303, 517-522 
Blood urea nitrogen 32, 381 
Blood creatinine 37 387 
C Urea nitrogen m cerebrospinal fluid 
302 521 

Alkali reserve 77 396 
D Non protein nitrogen 35 386 
Simple leukocy tosis 237 475 
Chaga s disease See trypanosomiasis 
Chancre See also syphilis 
A Darkffeld examination for Treponema 
pallidum 332 509 

B Smear for Gram negative bacillus of 
Ducrey, 238 507 

C Serologic tests for syphilis positive 
*59 5« 

Chancroid See abo chancre 

A Ducrey bacillus in smears from bubos 
238 507 

Darkfield examination for Treponema 
pallidum negative, 332 509 
Chickenpox 

A Total white cell count normal 228 
475 476 

Chloroma 26: See leukemia, granulo 
cytic 

\ Sternal puncture 199 499 
Chlorosis 212 

A Anemia hypochromic microcytic qv, 

210 

Feces for blood negative 147 443 445 
D Thrombocytosis 271 504 
Cholangitis, 156 See also cholecystitis 
liver abscess jaundice obstructive 
pancreatitis 

A Icterus index increased 139 4 10 
Choluna 137 356 
Urobilinogen tri urine 137 357 379 
Urobilinogen decreased in feces *40 
445 

Feces examination, 143 443 
B Neutrophilia 238 476 

Sedimentation rate increased 2S3 5°* 

C Dextrose tolerance test 65 394 
Hepatitis q v xs8 
Prothrombin time, 272, 505 
D Van den Bergh test r 4* 4« 
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Cholecystihs, 156 See also jaundice 
obstructive pancreatitis 
A Icterus index 139 410 
Choluna 137 35^ 

Urobilinogen in urtne 137 357> 379 
Urobilinogen decreased in feces 149 
445 

Feces examination 14s 443 
B Neutrophilia, 238 476 * 

Sedimentation rate increased 353 

501 

C Dextrose tolerance test 6s 394 
Hepatitis q v 158 
Prothrombin time 372 505 
D Van den Bergh test 142 4*3 
Blood unc acid increased 41 38B 
Cholelithiasis 156 See gall stones 
Cholera 

A Diarrhea qv so *55 
Feces examination 145 443 
Stain hanging drop and culture for 
motile Gram negative ti brto 358 
497, 507 
Fever qv 

Anhydremio qv jo 
Neutrophiba 238 476 
Immature neutrophils increased 246 
476 

Monocytosis 243 476 
C Toxic neutrophils 252 483 
Chorea See rheumatic fever 
Choriomeningitis lymphocytic 310 See 
also meningitis poliomyelitis 
A Lymphocytosis tn cerebrospinal fluid 
297 298 517 

Cultures and smears of cerebrospinal 
fluid negative 258 259 507, 509 
C Coma q v 302-313 
Chonon epithelioma 317 See also preg 
nancy teratoma h> datidiform mole 
A Aschketm Zondek test posiinc 316 525 
Cirrhosis cardiac 156 See also heart 
failure Pick s disease 
A Icterus index increased 139 410 
UrohhnOgenuria 137 196 357 379 
Ascitic fluid transudate 284 522 
Oliguria 27 338 
C Choluna 137 356 

Prothrombin time 272 505 
D Van den Bergh test 142 412 
Dye test of liver function 143 412 
Galactose tolerance test 143 378 


Cirrhosis Hanots 156 
A Icterus index high 139 410 
Urobthnogenuria, 137 357, 379 
Choluna 137,356 

Urobilinogen in feces positive 149 
445 

B Red cell fragdity decreased 197 
498 

C Prothrombin time 272 505 
D Van den Bergh test 142 412 

Dye test of liver function 143 412 
Galactose tolerance test 143 378 
Cirrhosis Laennec s (alcoholic atrophic or 
portal) 156 See also Banti s disease 
hemochromatosis other cirrhoscs etc 
A Icterus index increased 139 410 
Urobilinogetturta 137 357, 379 
Anemia splenomegohc qv 217 462 
47* 

Urtne volume and specific gravity 26 
338 

Serologic tests for syphilis negative 
2S9 512 

Feces for blood 147 443 445 
B Fragility test normal 197 498 
C Asatic fluid examination 284 522 
Urobilinogen in feces positive 149 
445 

Leucm and ty rosin in urine 125 
353 355 

Hypoglycemia 61 390 
Hypoproteinenua 39 405 
Dye test of liver function 143 412 
Galactose tolerance test 143 378 
Prothrombin time 272 505 
Hematemesis 128 436 
D Ammonia nitrogen over 10 per cent 
of total nitrogen in 24 hour urine 
80 363,367 

Levulosuna 57 60 345 346 
Galactosuna 57 6r 345 346 
Van den Bergh test 142 412 
Cirrhosis obstructive biliary 156 
A Jaundice complete obstructive q v 
158 

Unne volume and specific gravity 26 
338 

C Ascitic fluid transudate 284 522 
Prothrombin time 272 505 
D Hematemesis 128 436 
Van den Bergh test 142 412 
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Cirrhosis, syphilitic, 156 
A Serologic tests for syphtlts positive 
259 5i3 

Other laboratory findings same as in 
cirrhosis, Laennec’s q v 
Coccidioidal granuloma 
A Examination for Coccidioiies smmitis 
Pus and sputum negative for tubercle 
bacilli, a 80 513 
Anemia, normocytic qv, 212 
Simple leukocytosis 337, 476 
13 Biopsy 

D Blood culture for Coccidtoides 1m 

nutis 259, 509 

Colitis acute, 155 Sec also gastroenteritis 
A frees examination, *45, 443 
Neutrophilia, 338 476 
B Culture of feces for B entenditis B 
paratyphosus B, etc 359, 509 
Fever q v 

D Sedimentation rate rapid, a 3 3, 501 
Colitis mucous,’* r47 See also colitis 
ulcerative, colon, irritable 
Colitis spastic ” 147 See colon irritable 
Colitis ulcerative, 155 See also dysen 
tery tuberculosis intestinal, etc 
A Pus mucus, and blood m feces 147, 443 
Culture of feces for Bargen's dip 
Iococcus 359 509 

Anemia of chrome hemorrhage qv, 
210 

Neutrophiba 238, 476 
Sedimentation rate rapid 253 501 
Diarrhea q v , 50 

Sulfanilamide level in blood, 261, 417 
C Anhydremia q v 50 
D Proteosuna 18 342 
Colon irritable, 147 See also cohtis 
ulcerative 

A freer hard, mucus frequent pus and 
blood absent 147 445 
Total and differential white cell count 
normal 228, 475, 476 
Anemia absent 174 177, 462, 471 
Sedimentation rate normal 253 501 
Constipation qv 146 
B Caimin test shows slow rate, 145 444 
Coma, 302-313 See also uremia, diabetes 
mellitus eclampsia brain hemorrhage 
etc. 

A Urinalysis 14 303 338 

Cerebrospinal fluid examination 291 
303 5*7 


Coma — (Continued) 

Total and differential white cell 
count, 228,475,476 
Alkali reserve, 77, 396 
Blood urea ntlrogen 32, 30S, 381 
Blood sugar, 6r, 30^, 381 
B Blood creatinine 37 387 

Urea nitrogen on spina! fluid, 302, 
t 304 53 * 

Combined system disease See also ane 
mia pernicious 

A Stomach contents for free hydro 
chloric acid, 126, 434 
Red cell count and hemoglobin 174 
177 46*1 47* 

Color, volume and saturation indexes 
182, 183 488 

Condjlomata See also syphilis and 
gonorrhea 

A Darkfield examination for Trep 
oncma pallidum 332, 509 
Serologic tests for syphilis 2 S 9 5* a 
Smears for gonococci 258, 507 
Conjunctivitis 

A Smears and culture of pus for gon 
ococci, Koch H eeks bacilli Morax 
Axenfeldt bacilli etc , 258 5°7 
Constipation 14s See also colon irnta 
ble gastrointestinal tract carcinoma 
of intestine tuberculosis of intestinal 
obstruction etc 
A Teces examination 143 443 
B Carmm test shows slow rate i4S» 444 
D Indicanuna, 358 

Coronary occlusion See aLo hypertensive 
cardiovascular disease aneurysm dt, 
setting heart failure 
B Simple leukocytosis, 237 

Immature forms increased, 246 47° 
Sedimentation rate increased 253 5°* 

C Nucleated red cells 193 47^ 

Cretinism 112 See thyroid hypofunction 

of , 

Cyano is See also heart failure polycy 
themia etc 

A Red cell count and hemoglobin *74 
177 462, 47* , 

B Blood and unne examination lor 
methemoglobm 23 357. 4*^ 

C Asphyxia qv 

D Determination of oxygen unsatura 
tion of hemoglobin 

Cystmuna, 2 S 353.355 See ealcub renal 
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Cystitis, 49 See also py elitis pyelone 
phntis pyonephrosis kidney tuber 
culosis of, etc 
A Pyuria 23 349 

Volume of 24 hour urine 26 338 
Smear and culture of urine 258 
507 

pH of urine 80 341 
Sulfanilamide in urine 261 379 
B Smear and guinea pig inoculation for 
tubercle bacilli, 258 507 
Three glass test 19 350 
C Albuminuria 14 342 
Ketosis 73 344 
Hematuria 19 351 
Ammonium urate and triple phos 
phate crystals 25 353 
D Ammonia nitrogen over ro per cent of 
total nitrogen in 24 hour unne 80 
3®3i 367 

Modified Mosenthal test 30 360 
Dilution and concentration tests 31 

361 

Mucinous protein in unne 18 34a 
Dengue 

A Simple leukopenia 244 475 

Increase in immature neutrophils 
246 476 

D Feces fluid contain blood X47 443 
Dercums disease 114 See pituitary 
hypofunction of 
Dermatitis 

A Total and differential white cell 
count 228 475 476 
C Oliguria 27 338 
Eosinophilia 240 476 
D Biopsy of skin 

Blood uric acid increased 41 388 
Dermatitis exfoliative See poisoning 
arsenic leukemia Hodgkin s disease 
lymphosarcoma 

Diabetes bronzed 59 See hemochro 
matosis 

Diabetes innocens 60 67 See glycosuria 
renal 

Diabetes insipidus 29 57 See also 

pituitary hypofunction of 
A Polyuria with low specific grouty 26 
338 

Glycosuria absent 57 345 
B Ccrebrosptnql fluid examination 291 
3 ii 517 


Diabetes insipidus — (Continued) 

D Basal metabohc rate 94 423 
Dextrose tolerance test 65 394 
Hyposthenuria 31 361 
Diabetes melbtus, 55-93 See also thyroid 

hyperfunction hemochromatosis gly 
cosuna renal 
A Glycosuria 57 345 
Hyperglycemia 61 390 
Ketosis 73 344 

Urine 24 hour xoliime and quantitative 
dextrose 26 57 6r 338, 372 
B Dextrose tolerance curve high 65 394 
One hour two dose dextrose tolerance 
test 68 395 

Dextrose oxidizing ability 69 372 
Fractional reduction test 58 345 
Renal threshold normal or high 65 
394 

C Acidosis qv 73-91 396 
Insulin coefficient 69 372 
Polyuna with high specific gravity 
57 

Coma qv 302-313 
Cerebrospinal fluid examination 301 
5 « 

D Blood fat and cholesterol increased 
42 91 408 

Diastatic activity of blood increased 
9i 390 

D N ratio 91 367, 372 
Simple leukocy tosis 237 476 
Icterus index increased 139 410 
Fat droplets in unne 24 353 
Modified Mosenthal 30 360 
Dilution and concentration test 31 
361 

Blood uric acid increased 41 388 
Blood chlorides low 132 395 
Diabetes renal 67 See glycosuna renal 
Diarrhea 50 155 See also cobtis dysen 
tery gastroenteritis sprue typhoid 
cholera Gee s disease trichinosis etc 
A Feces examination 145 443 
Ketosis 73 344 

B Carmin test shows rapid rate 145 

444 

C Acidosis q v 84 396 
Anhydremxa q v 50 
Oliguria 27 338 

Feces cultures for typhoid dysentery 
salmonella groups 258 509 
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Diarrhea— (Continued) 

reces examination for amebae ctltales, 
and flagellates, xgo 447 
Blood chlorides low, 132, 395 
Blood urea nitrogen and creatinine 
increased, 32 37, 382, 387 
rrythrocytosis q v , 226, 462, 471 
Congo red teat for amyloidosis 42, 
4:4 

Achlorhydria 1 2 6, 434 
D Blood volume decreased, 223 4x3 
rhenolsulphonphthalein excretion di 
mini shed, 31, 362 
Plasma proteins increased, 39 405 
Negative nitrogen balance, 80 367 
Cerebrospinal fluid pressure low, 294 
Diphtheria See abo sore throat, fever 
A Smear and culture of membrane for 
Klebs Loeffler bacilli 258, 507 
Neutrophilia 238 476 
Immature neutrophils increased 246, 
476 

Urinalysis 14 338 
Anemia normocytic q v , 212 
Toxic neutrophils, 252 483 
Diphyllobothnum latum infestation 133 
See also anemia, pernicious 
A Ovam feces 1 33 454 

Color, volume and saturation indexes 
182 183,488 
Eosinophiha, 240 476 
C Anemia, normocytic or macrocytic 
207 212 
Diverticulitis 

A Blood and pus in stools 147, 443 
Neutrophilia 238 476 
Sedimentation rate increased 253 501 
C Peritonitis q v 
Pylephlebitis q v 
Toxic neutrophils 252 483 
Drowning 133 
B Blood chloride 132, 395 
D Asphyxia, q v 
Drugs acetanihd 
C Methemoglobinemia 23 416 
Drugs adrenalin 
D Glycosuna 57 345 

Basal metabolic rate increased 94 423 
Simple leukocytosis 236 476 
Drugs alkalies 86 
A Tlnne reaction and pH 80 341 
C Alkali reserve 77 396 
Alkalosis qv 73-91 396 


Drugs, amlnopynne 
C Agranulocy tosis q v , 245, 475 
Anemia aplastic q v , 220 
D Glycuronic acid in unne 58, 345 
346 

Drugs, ammonium chloride or nitrate 84 
A Urine reaction and pH, 80 341 
C Alkali reserve 77, 396 
Acidosis, q v , 73-gt 
D Urea nitrogen in blood and unne 
increased 32 365,381 
Drugs arsenic, 51 See abo poisoning 
arsenic 

A Urinalysis 14 338 
Icterus index 139 4x0 
Urobihnogenuna, 137. 357*879 
C Test for arsenic in unne, 359 
Anemia aplastic q v 
Agranulocytosis q v 
Kidney function impaired q v 
Dermatitis exfoliative qv 
Encephalitis q v 
Eosinophiha 240 476 
Drugs, ascorbic acid 272 See drugs 
cevitamic acid 
Drugs caffeine 
A Polyuna 26 338 
D Basal metabolic rate increased 94 
4*3 

Drugs camphor 
D Eosinophiha 240 476 

Glycuronic acid in unne 58 345 34$ 
Drugs cevitamic acid 269 272 See also 
scurvy 

A Blood level 272 418 
Drugs dihydrotachy sterol 109 See also 
parathyroid hypofunction of 
A Blood calcium 107 4°3 
Blood phosphate no 404 
Drugs dimtrophenol or dimtro-o-cresol 
A Basal metabolic rate increased 102 
4*3 

C Agranulocytosis qv 24s 
Drugs, insulin 72 See also hypennsuhn 
ism 

A Blood sugar lowered 61, 39° 

C Hematuna 19 35 r 
D Blood calcium increased 107, 403 
Blood phosphates no 4°4 
Drugs iodine 

B Basal metabolic rate 102 4 2 3 
D Blood iodine no 
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Drugs liver extract (also desiccated stem 
ach nuclear extracts etc } 

A Red cell count and hemoglobin 174 
177 184 462,471 
Reticulocytes increased 194 496 
D Eosinophilia 240 476 

Simple leukocytosis 237 476 
Color, volume and saturation indexes 
become normal or low 182 183 
488 

Drugs methenamine 
A Untie reaction and pll 80 341 
C Hematuria 19 351 
D Tests for formaldehyde in urine 
Drugs morphine See also poisoning 
morphine asphyxia 
D Glycosuria S7 345 

Basal metabolic rate decreased 102 

423 

Acidosis 83 

Drugs parathyroid preparations See also 
para thy roid hyperfunction 
A Blood calcium increased 107 403 
Blood phosphate decreased no 404 
Drugs phenylhydrazine 225 
A Red cell count and hemoglobin decreased 
174 177 184 462,471 
Simple leukocytosis 237 476 
Icterus index increased 139 410 
Urobilinogenuna 137 196 357 379 
C Liver damage qv 158 

Jaundice hematogeneous q v 159 
Methcmoglobinuna 23 416 
Anemia hemolytic qv 214 
Reticulocy tes increased 194 496 
Drugs phtondzin 59 
D Renal threshold low 65 394 
Glycosuria 57 345 
Hypoglycemia 61 390 
Drugs pituitary anterior 
A Basal metabolic rate increased 102 

423 

D Dextrose tolerance test 65 394 
Drugs salicylates 

D Glycuromc acid in unne 58 345 346 
Drugs saline intravenous 
D Glycosuria 57 345 
Drugs sulfanilamide 261 
A Daily leukocyte count 22S 475 

Daily hemoglobin estimation 277 462 
Blood or unne level 261 379 417 
pH of unne in unnary infections So 
Mi 


Drugs sulfanilamide — (Continued) 

C Agranulocytosis, q v , 245 
Anemia hemolytic qv 214 
Fever qv 
Hepatitis q v , 158 
D Alkali reserve low 86 396 

Methemoglobinemia? 23 358 416 
Drugs sulfapyridine 261 
A Daily leukocyte count 228 475 

Daily hemoglobin estimation 177 462 
Blood or urine level 261 379,4x7 
pH of unne in urinary infections 80 
341 

C Agranulocytosis q v , 245 
Anemia hemolytic q v 214 
Fever q v 
Hematuna 19 351 
Hepatitis q v 158 
Vomiting q v 

D Alkali reserv e low 86 396 

Methemoglobinemia? 23 358, 416 
Drugs thyroxin or thyroid preparations 
101 

A Basal metabolic rate increased 101 
4*3 

D Dextrose tolerance curve high 65 394 
Glycosuna 57 345 
Drugs viosterol 

A Blood calcium increased 107 403 
D Blood phosphate xio 404 
Drugs vitamin P 269 272 See also 

scurvy and purpura simplex 
Duodenal fistula 87 

A Daily urine volume and specific gravity 
26 338 

Alkalosis qv 73-91 396 
Blood chlorides lose, 132 395 
C Anhydremta qv 50 
D Phenolsulphonphthalein excretion de 
creased 31 362 

Dysentery, amebic 150 155 See also 
colitis ulcerative 
A Endamebae in feces 151 447 
Blood and mucus in feces 145 443 
Eosinophilia 240 476 
Fever q v 

C Diarrhea q v , 84 155 
D Culture or kitten inoculation for 
amebae 451 

Dysentery bacillary 155 Sec also dysen 
tery amebic colitis ulcerative 
A Feces examination shows mucus blood 
and pus 147 443 
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Dysentery, bacillary — (Continued) 

Serum agglutination for dysentery 
bacilli, 259, 51a 

Culture of feces for dysentery bactlh, 

358 509 

Neutrophilia, 238, 476 
Ketosis, 73, 344 
Oliguria, 27, 338 
C Diarrhea, q \ , 84, 15s 
Acidosis q v , 84 396 
Anhy dremia, q v , 50 
Dysuisulimsm See hypcnnsuhmsm 
Dystrophia adiposogemtahs 114 Sec 
Froehlich's syndrome 
Dystrophy , muscular 
D Hypoglycemia, 61 390 
Creatinuna 3*5,371 

T chinococcus disease, 153 
A Ilooklcts in cyst fluid 153 288,522 
Eosinophiha 340 476 
D Iloohlets in cerebrospinal fluid 291 
5*7 

Ilooklets in blood 
Complement fiiation test 259 5** 
Eclampsia, 320 See also pregnancy ne 
phntis, etc 

A Blood urea nitrogen 32, 381 
Blood creatinine normal 37 387 
Albuminuria with easts, 14 18 342, 
349 

Oliguria 27 338 
Alkali reserv e low 77 396 
C Hematuria 19 351 

Sedimentation rate low, 253 501 
Edema q v 

Cerebrospinal fluid pressure increased, 
294 

Liver damage q v , 158 
D Ammonia nitrogen over 10 per cent of 
total nitrogen in 24 hour unne 80 

363 367 

Blood sugar 61 390 
Blood uric acid increased 41 388 
Simple leukocytosis 237 476 
Blood chlorides 132 395 
Edema 284 See also heart failure, con 
gestive nephrosis, nephritis anemia 
filanasis etc 

A Urine volume and specific gravity, 26 
338 

B Search for filana, 198 497 
Plasma proteins 39 405 


Ldcmz— (Continued) 

C Ascites q v , 284, 522 

Fluid accumulations transudates 284 

S32 

Elephantiasis 

A Ftlaria 1 n blood taken at night or in 
lymph from distended lymphatics 
198, 497 

Eosinophiha 240, 476 
C Chyluna, 25 353 

Chylous effusions, 287 522 
Empyema 

A Smear and culture of aspirated pus 
258 507.S09 

Sputum examination 280 513 
Sulfanilamide or sulfapyndine level 
in blood, 261,4x7 

Sedimentation rate increased 2*3 
501 

Anemia normocytic q v , 212 4°2, 
47i 

Fever qv 

B Neutrophilia 238 476 

Immature neutrophils increased 246, 

476 

C Congo red test for amyloidosis 4* 

Toxic neutrophils 252 4°3 
Encephalitis 312 See poisoning arsenic, 
encephalitis lethargica, vaccinia 
measles 

A Cerebrospinal fluid examination, 291- 
3°x, 5X7 

Encephalitis lethargica 3x2 

B Cerebrospinal flu d protein cell count 
and dextrose increased 297 
301 5X7. 519 522 

D Cerebrospinal fluid Lange 299 5 2 
Alkalosis 79 

Encephalo mala cia 30S See also rain 
hemorrhage 

B Cerebrospinal fluid normal or shgnt 
increase in globulin and cells 290 


5X7 

Icterus index normal 139 4 ro 
C Cystitis pyelitis pyelonephritis qv 
49 5° 

D Glycosuria 57» 345 

Hyperglycemia 61 39° 

Sndocardrtis .cute See else local .alec 
tion, rheumatic lever gonorrhea nephn 
tis local pericarditis heart lailure etc 
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Endocarditis acute — ( Continued) 

A Blood culture 238 509 
Neutrophilia 238, 476 
Immature neutrophils increased 246 
476 

Anemia normocytic qv 212 462 
471 

C Leukopenia with toxic neutrophils 
252 483 
Fever q v 

Endocarditis chronic See heart failure 
Endocarditis subacute bacterial, 47 213 
See also nephritis focal infarcts 
hemorrhagic heart failure etc 
A Blood cultures for streptococcus urt 
dans 258 509 
Hematuria 19 351 
Anemia normocytic qv 212 462 471 
Monocytosis 243 476 
Blood urea nitrogen normal or in 
creased 32 381 

Nephritis focal embolic qv 47 
C Nephritis chronic diffuse qv 45 47 
Fever qv 

Enteritis See gastroenteritis 
Epididymitis See gonorrhea and tubercu 
losis 

Epileps) 307 See also hypennsulimsm 
brain tumor 

B Cerebrospinal fluid normal 291 517 
Blood sugar normal 61 390 
C Ketosis 73 344 

Acidosis q v 77 396 
Epistaxis 273 Sec also hemorrhagic dis 
eases typhoid etc 

C Coagulation lime bleeding time clot 
retraction 269 270 503, 504 
Platelet count 271 504 
Anemia of hemorrhage qv 206 21 1 
Erysipelas 

A Neutrophilia 238 476 

Immature neutrophils increased 246 
476 

Sulfanilamide level in blood 261 417 
Sedimentation rate rapid 233 501 
Fever q v 

C Blood culture 238 509 
Toxic neutrophils 232 483 
Er> throcytoses 18S at 6 See also bums 
diarrhea vomiting poisoning carbon 
monoxide pulmonary artenes stenosis 
or atherosclerosis of polycythemia rubra 
vera etc 


Ery throe} toses — (Continued) 

A Red cell count and hemoglobin in 
creased 174 177 462,471 
Total and differential white cell count 
normal 228 475, 476 
B Platelets normal 271 504 
Blood volume 223 413 
Erythrodermia See leukemias 
Er> throleukoblastosis 221 See also von 
Jaksch s anemia icterus neonatorum 
A Anemia normocytic qv 212 

Nucleated red cells numerous 193 
476 

Immature granulocytic cells 246 476 
Reticulocytes increased 194 496 
Polychromatophilia 192 476 
Urobihnogenuna 137 196 357, 379 
Icterus index increased 139 410 
B Marrow hyperplastic 199 499 
C Jaundice hematogenous q v 139 
Edema q v 284 522 
Esophagus carcinoma of 134 
A Feces for blood 147 443 
C Anemia of chronic hemorrhage, q v 

Cachexia q v 

Esophagus peptic ulcer of 133 
A Feces for blood 147 443 

Anemia of hemorrhage q v 210 
Exercise severe 
D Albuminuria 16 342 

Simple leukocytosis 235 476 
Exophthalmic goiter, in See th>roid 
diffuse parenchymatous hyperplasia of 

Fallot tetralogy of 
A Erythrocytosis 225 462 471 
C Endocarditis subacute bacterial q v 
Heart failure congestive qv 
Favism 22 See also allergy paroxysmal 
hemoglobinuria 
A Hemoglobinuria 22 357 
Anemia hemolytic qv 216 
Jaundice hematogenous q v 159 
Eosinophiha 240 476 
Felty s syndrome 243 
A Leukopenia 244 475 

Anemia splenonjcgahc qv tij 
Arthritis q v 

Fever See also infectious diseases Ilodg 
kins disease hypernephroma leukemias 
etc 



544 


INDEX BY DISEASE!, 


Fever— {Continued) 

A Urinalysis, 14, 338 

Daily urine volume and specific gravity, 
26 338 

Tolal and differential while cell count, 
228, 475. 476 
Anemia, q v , aia 

Sulfanilamide or aulfap>ndme lex el 
in blood or urine, a6r, 379, 417 
B Blood culture, *58 509 
r<«j examination 145 443 
Sputum examination 280 513 
Immature white cells 246 476 
Sedimentation rate 353, 501 
Examination for malana parasites 
197 484 

Icterus index 139, 196, 410 
C Serum agglutination tests for typhoid 
group, B abortus B tularense etc , 
*S9. 5** 

A t tosts 73 344 
Smears 338 507 
Cultures 258,509 

D Basal metabolic rate increased 103 

423 

Negative nitrogen balance 80 367 
Blood chlorides low 132 395 
Fibroids See uterus myofibromata of 
Filariasis 198 See also elephantiasis 
A Larvae in smears of blood or lymph 
ipS 497 

Eostnophiha 240 476 
C Chylurta and hematuria 19 25 351, 
353 

Chylous effusions 287 523 
Flagellate infestation, 152 See also leu 
torrhea 

A Feces examination 145 443 
Eosinophilia, 240 476 
C Diarrhea q v 
Anemia q v 214 

Focal infection See also sinusitis tonsil 
btis colitis etc 

A Smears and cultures of pus or removed 
tissue 258 259 507 509 
Total and differential white cell count 
228 475 476 

Sedimentation rate increased or nor 
maf 253 50: 

C Anemia normocytic q v 212 
Food poisoning See gastroenteritis tn 
cluniasis botulism 


Fractures 

A Serologic tests for syphilis 259 512 
Unnafysis before anesthesia 14 338 
D Simple leukocytosis 237 476 

Abnormal white and red cells, 246, 

476 

Sedimentation rate increased 253 501 
Frochlich’s syndrome 114 See also pitui 
tary hypofunction of diabetes insipi 
dus 

A Basal metabolic rate low, 94 423 
Dextrose tolerance curve low 6 3 394 
Volume and specific gravity of 24 
hour unne x6 338 

B Cerebrospinal fluid examination 291 
517 

J"ructosuna 60 See also Iner damage 
diabetes melhtus 

A Reduction test positive 57, 345 
Lcvulosuna 60 346 

Furunculosis See also diabetes melhtus 
A Dextrose tolerance test, 63 394 

Stain and culture of pus for organ 
urns 258 259, 507, 509 
Total and differential white cell 
count 228 475.47 s 
C Glycosuna 57 345 
Hyperglycemia, 61 390 
Blood culture 258 509 

Call stones rj6 See also cholecystitis 
jaundice obstructive 
A Icterus index 139 4*0 

Urobilinogen tn urine 137. 357 379 
Feces examination 14^ 443 
Total and differential 1 chile cell count 
22 8 475.47 s 

Sedimentation rate 253, 5 01 
B Gall stones in feces 147 444 
C Anemia normocytic qv 212 
Broth rombin time 272 5°5 
D Blood cholesterol increased 42 4° 8 
Gangrene gas 

A B uelchn tn smears and anaerobic 
cultures, 258 259 507 5°9 
Neutrophilia 238 47 s 
Immature neutrophils increased 240 
476 

Toxic neutrophils 252 483 
Sulfanilamide level in blood, 261 4*7 
Gangrene of extremities See also diabetes 
melhtus 
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Gangrene of extremities — (Continued) 

A Blood sugar, 6t, 390 
Urinalysis, 14, 338 
B Dextrose tolerance test 65, 394 
Gangrene pulmonary 
A Sputum examination 280 513 

Smears of sputum for 1 1 neent s organ 
tsms 358 507 
Neutrophilia 338 476 
Immature neutrophils increased 246 
476 

B Sputum cultures 358 509 
Castric See also stomach peptic ulcer 
gastritis 

Gastnc fistula 88 

A Daily urine tolume and specific gravity 
26 338 

Allah reserve increased 77 396 
Blood chlorides lose 132 395 
C Ankydremia q v 5° 

Cachexia q v 

Gastritis 127 See also anemia pernicious 
heart failure stomach carcinoma of etc 
A Mucus and achlorhydria in stomach 
contents analysis 123 126 436 437 
Color tolume and saturation index 
182 183 18S 488 
Feces for blood negalixe 147 445 
C Pus in stomach contents 130 436 
Gastroenteritis See also botulism tnchi 
nosis typhoid djscnterj etc 
A \omitmg qv 84 86 
Diarrhea q v 84 
Neutrophilia 138 476 
C Anhjdremia qv so 
Stool cultures 25^ 509 
Gastrointestinal tract, carcinoma of, 1 54 
\ Stomach contents analysis 118 434 
Feces examination 14s 443 
Anemia qv 202-223 462 471 
C liver damage q v 15S 

Intestinal obstruction qv 86 155 
Cachexia q v 

D Dextrose tolerance test 6j 394 
Gastrointestinal tract atresia of ijo 
\ Cormficd epithelium ab ent from 
meconium 130 446 
Intestinal obstruction qv 135 
( aucher t disease 218 ‘ee also Bantu 
disease 

\ Inmu if en wrgsh qv ai, 

Smf 1 let lofcnia 44 4"4 

t 1 504 


Gaucher’s disease — (Continued) 

Gaucher s cells in sternal or splenic 
puncture, 799 20 r, 499, 500 
Gee s disease 108 
A Diarrhea q v 

Feces fatly 147 *49 443 • 446 
Serum calcium low, 107 403 
C Tetanj , q v 
Osteomalacia q v 
German measles See also measles 
A Simple leukopenia 244 476 
Plasmacjtes 330 476 
B Diazo test in unne negative 358 
Gigantism 114 See also pituitary, hyper 
and hypofunction of 
A Dextrose tolerance test, 6s 394 
Basal metabolic rate 94 423 
B Cerebrospinal fluid examination 391 
517 

D Gljcosuna 37 345 
Glanders 

A Smear culture and guinea pig inocuta 
Hon for B mallei 358 159 507,509 
Neutrophilia 338 476 
Glandular fever 366 See mononucleosis 
infectious 

Gljcosuna alimentary 59 See also dia 
betes mellitus diabetes renal 
A Dextrose tolerance test 63 394 
Glycosuria 57 345 
Gljcosuna renal 67 
A Renal threshold low 65 394 
Gljcosuna 37 345 
Dextrose oxidi mg ability good 69 37a 
C Hj-pogljcemia 6: 390 
Goiter 94-117 Scelhjroid 
Gonorrhea See also urethntis salpingitis 
arthntis prostatitis seminal vesiculitis 
A Gonococci in smears 258 507 
Pj-urn 23 349 

Sulfanilamide in unne 261 379 
B Neutrophilia or simple leukocytosis 
237 238 476 

Sedimentation rate increased 233 
501 

C examination rf prostalic secretion 2S8 
507, 5*4 

Smears and cultures of aspirated 
articular f uid 238 239 507, 309 
Stenhty test 28.8 524 
D Blood culture 238 509 
I osinopSLa 240 476 
Complement fixation test 239 31a 
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Gout See also arthritis, poisoning, lead 
A Blood uric acid increased 41,388 
Sedimentation rate normal, 253, 501 
Total and differential white cell count 
normal, 228, 475, 476 
C Urate or uric acid crystals in tophi, 
353, 354 

D Blood calcium, 107, 403 
Granuloma inguinale See also lympho 
patina venereum 
A Anemia, normocytic, q \ , 212 
Tret test negative 

Donovan bodies in Wright's stained 
smears from lesions 198 476 

Hand SchUller Christian’s disease, 219 
Sec xanthomatosis 
Hay fever See also focal infection 
A Allergy, q v 

Heart failure, congestive, 15 See also in 
farcts, hemorrhagic 
A Urinalysis 14 338 
Oliguria, 27, 338 
Urobthnogenuria, 137, 357 
B Vital capacity 288 524 
C Icterus index increased, 139 4*0 

Ascitic pleural and pericardial fluids 
transudates 284 522 
Sputum examination, 280, 513 
Erythrocytosis, 226 462,471 
Kidneys passiv e congestion of, q v 
*5 

Cirrhosis, cardiac, q v , 156 
D Blood urea nitrogen increased 32,38* 
Serum proteins low 39 405 
Blood in stomach contents and feces 
128, 147 440.44S 

Basal metabolic rate increased 94, 

423 

Capillary microscopy, 289 
Minute volume and stroke volume of 
the cardiac output 
Heat cramps 132 See anhydremia 
Hematoporphynnuna 23 See porphy 
nnuna 

Hematuria essential 21 
Hemochromatosis (bronzed diabetes) 59 
See also diabetes mellitus 
A Glycosuria, 57 345 
Hyperglycemia 61 390 
B Dextrose tolerance lest 65 394 

One hour two dose dextrose tolerance 
test 68 395 


Hemochromatosis— (Continued) 

Biopsy of skin for hemosiderin 
Dextrose oxidizing ability, 69 372 
C Acidosis q v , 73-91, 396 
Liver damage, q v , 158 
Ketosis 73,344 

Ascitic fluid transudate, 284 522 
Insulin coefficient, 69 372 
D Tests for copper m urine 
Tests for hemosiderin in unne 
Hemoglobinuria, 22 51, 216 See also 
paroxysmal hemoglobinuria black 
water fever, etc 
A Urinalysis, 14 338 

Blood smear for malaria 197 484 
Serologic tests for syphilis 239 5 12 
Plasma red 

B Donalh Landstemer test, 22, 5x2 
C Anemia hemolytic, q v , 214 
Blood urea nitrogen, 32, 381 
Oliguria or anuria 27, 338 
Hemolytic icterus, 215 See also anemia 
hemolytic and splenomegahc 
A Red cell fragility increased 197 49 8 
Anemia, normocytic 212 462 47* 
Icterus index increased 139 196 4*° 
Urobtltnogenurta, 137 *96 357» 37 9 
Reticulocytes increased, 194 49® 

Red cell diameter decreased r 90 495 
Total and differential white cell count 
normal or increased, 237 475 47® 
Test for bile in unne 137. 35® 
Urobilinogen tn feces increased 149 
444 

C Gall stones q v 
D Van den Bergh test 142 4* 2 
Splenic puncture 201 500 
Hemophilia, 273 See also hemorrhagic 
diseases 

A Coagulation time prolonged 27° 5°3 
Platelet count normal, 271 5°4 
Bleeding time normal 269 S°3 
Blood group determination 276 5*° 
Anemia of hemorrhage q v 206 2x1, 

214 

Hematuria 19 351 

Feces for blood 145 *47. 443 445 

Clot retraction normal 270 5°4 

Capillary resistance normal 270 5°5 

Hemorrhage internal 214 

B Icterus index increased 139 *9° 4 
Urohhnogenurta 137 19® 357.379 
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Hemorrhage internal — { Continued ) 
Choluna absent 137, 356 
Simple leukocytosis 337 476 
Reticulocytes increased 194 496 
C Anemia of hemorrhage qv 206 21 1 
214 

Jaundice hematogenous qv 159 
Immature leukocytes 246 265 476 
Nucleated erythrocytes 193 476 
D Thrombocy tosis 271 504 

Sedimentation rate increased 253 501 
Van den Bergh test 143 41a 
Hemorrhagic diseases 268-279 See 
anemia aplastic hemophilia purpura 
hemorrhagica purpura simplex pur 
pura thrombasthenic leukemias Hodg 
kin s disease lymphosarcoma menstrua 
tion, vicarious jaundice obstructive 
hemorrhagic disease of the newborn 
scurvy liver damage telangiectasia etc 
Hemorrhagic disease of the newborn 274 
A Feces for blood 147 443, 44S 

Anemia of hemorrhage qv 206 21 r 
214 

Coagulation time bleeding time clot 
retraction 269 270 271 503, 504 
5°5 

Platelet count 271 504 
Capillary resistance test 270 505 
Prothrombin time 272 505 
C Jaundice hematogenous qv 159 
D Quantitative fibrinogen estimation 
41 4®S 

Hemorrhoids See also cirrhosis Banti s 
disease portal thrombosis etc 
A Blood on feces 147 443 
C Anemia of hemorrhage qv 206 21 1 
Hemothorax 

A Blood aspirated on thoracentesis 284 

522 

Hemorrhage internal q v 214 
Henoch s purpura 274 See purpura 
simplex 

Hepatitis, 158 See also poisoning arsen 
ical chloroform cinchophen and phos 
phorus syphilis etc 
A Icterus index increased 139 4*0 
l robihnogenuna 137 357 379 
Serologic tests for syphilis 239 512 
Cholurta 137 356 

B Millon s test on urine 25 144 355 
Test for arsenic in urine 51 359 
Galactose tolerance test 143 378 


Hepatitis — ( Continued ) 

C Leucin and tyrosin crystals in urine 
25 *44 353.355 
Dye excretion low 143 412 
Prothrombin time 272 505 
Hypoglycemia 61 390 
Hypoproteinemia 39 405 
Sedimentation rate increased or de 
creased 253 501 

Jaundice hepatocellular q v 159 
D Blood sugar 61 390 

Van den Bergh test 142 412 
Bde salts in blood increased 134 
Hernia diaphragmatic 
A Anemia of chronic hemorrhage, q v 
206 2ZX 

Blood in stools 147 443 447 
Blood in stomach contents 128 440 
Hernia strangulated See intestinal ob 
struction 

Hirschsprung s disease 
A Feces examination 145 443 
Carnun test 145 444 
Hodgkin s disease 219 See also lympho 
sarcoma leukemias etc 
A Anemia splcnomtgalic q v 217 
Sternal puncture normal 199 499 
B Biopsy of lymph node 202 

Guinea pig inoculation from lymph 
node 258 507 
C Hematuria 19 331 

Jaundice obstructive q v 158 
D Simple leukocytosis 237 476 

Immature neutrophils increased 246 

476 

Eosinophilia 240 476 
Basophilia 242 476 
Monocytosis 243 476 
Splenic puncture 201 500 
Gordon s test 219 

Hookworm infestation 153 See ankyl 
ostomiasis and uncinariasis 
Hydatid cysts 133 See echinococcus 
disease 

Hydatidiform mole 317 
A Aschhttm Zondek test posilne 316 525 
Hydrammon 323 
D Congo red test 323 
Hydroa estival 23 See porphyrinuria 
Hydrocephalus See also arachnoiditis 
brain tumor 

A Cerebrospinal fluid pressure and 
volume increased 294 
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Hydrocephalus — (Continued) 

Ayala’s quotient, 396 

Hydronephrosis, 49 See also pyeloneph 
ritis, pyonephrosis hypertensive car 
diovascular disease 
A Blood urea nitrogen, 33 38: 

Phenols til phonphthalei « test 31,363 
Unnaiysts, 14, 338 
Paily urine volume 26, 338 
B Dilution and concentration test 31 
361 

Blood urea clearance 36, 382 
C Blood creatinine, 37, 387 
Alkali reserve 77, 396 
Hematuria 19 351 
D Modified Mosenthal test 30 360 
Blood uric add increased 4t 388 
Blood non protein nitrogen 35, 386 
Hjdropencardium See also heart failure 
congestive nephrosis 
C Aspirated fluid transudate 384 522 
Hydrothorax See also heart failure con 
gestive nephrosis 

C Aspirated fluid transudate 384 522 
Hypennsulimsm 63 
A Blood sugar, 61 390 
C Hypoglycemic coma 309 
Hypernephroma, 50 
A Hematuria 19 351 
C Liver damage q v 158 

Intravenous phenolsulphonphthalem 
test 31 362 

Hyperparathyroidism n 6 See parathy 
roid hyperfunction of 
Hypertensive cardiovascular disease 4s 
48 See also nephritis hydronephro 
sis etc 

A Polyuria 26 338 

Red cell count and hemoglobin normal 
*74 *77 462,471 
Nocturia 29 360 
Hematuria absent ig 351 
Blood urea nitrogen 31 381 
Phenolsulphonphthalem test 31 362 
B Concentration and dilution lest 31 361 
Modified Mosenthal test 30 360 
Urea clearance test 36 382 
C Albuminuria 14, 342 
Casts tn urine 18 349 
Blood creatinine 37 387 
Alkali reserve 77 396 
Urobthnogcnuria 137 357, 379 
Sputum examination 280 5x3 


f DISEASES 

Hypertensive cardiovascular disease— 
(Continued) 

Vita! capacity, 288, 524 
Glyxosuna, 57, 345 
Cerebrospinal fluid examination 291, 
5i7 

Brain hemorrhage, q v , 308 
Fncephalomalacia q v , 308 
Heart failure congestive q v 
Coronary occlusion q v 
Aneurysm dissecting q v 
D Urea excretign tests, 43 363 
Addis sediment count 25 353 
Non protein nitrogen 35 386 
Blood chlondcs 132 395 
Blood unc acid 41, 388 
Basal metabolic rate increased 94 
423 

Blood calcium decreased 107,403 
Total nitrogen of unne 80 367 
Urine chlorides 37* 

Serum sulphate 43 

Hysteria, 307 See also encephalitis lethar 
gica vomiting starvation etc 
A Total and differential white cell count 
normal 228 475 476 
Sedimentation rate normal 253 5 01 
Red cell count and hemoglobin normal 
*74 *77 462,47* 

Serologic tests for syphilis negative 
259 5*3 

Cerebrospinal fluid normal 291 5*7 

Icterus neonatorum 14* See also bile 
ducts obstruction of congenital hemo 
lytic icterus crythroleukoblastosis , 

A Choluna absent 137 356 
D Icterus index increased, 139 i 9 6 4*° 
Urobtlmogemina 137 *96 357i M 9 
Van den Bergh test 142 4* 2 
Ileitis, regional, 15s 

A Blood mucus and pus in feces 147 
443 

C Intestine short syndrome qv 
Impetigo contagiosa 

A Streptococcus pyogenes or staphylo 
coccus in smears and cultures 238 
259 507. S® 8 

Sulfanilamide level 261 4*7 
D Neutrophilia 238 476 
Infarcts, hemorrhagic See also heart 
failure congestive 
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Infarcts hemorrhagic — { Continued) 

\ Icterus index increased 139 410 
Urobihnogenuna 137 357, 379 
Sputum bloody 28a 514 
D \ an den Bergh test 142 412 
Infectious diseases 228-267 See al«o 
fever and under names of diseases 
A Total and differential white eel l count 
22&-24S 47S 476 
Lnnalysis 14 338 
Sputum examination 280 513 
Oliguria 27 338 
Sulfanilamide level 261 417 
B Cultures blood urine feces throat 
etc 2 S 8 509 

Sedimentation rate increased 253 501 
C Immature neutrophils increased 246 
476 

Toxic neutrophils s 3 s 483 
inemia normocytic qv 212 
Serum agglutination tests for typhoid 
dysentery B abortus etc 259 512 
Hemorrhagic s> ndrome, 276 
D Plasma proteins 39 405 
Platelet count 271 504 
Hyperglycemia 61 390 
Dextrose tolerance test 6j 394 
Infectious mononucleosis q v 266 See 
mononucleosis infectious 
Influenza See also pneumonia lobular 
infectious diseases 
A Simple leukopenia 244 476 
Insanity See psychosis 
Intervertebral disc herniation of 
A Subarachnoid blocL qv 295 31 1 
Intestinal obstruction, 155 See also in 
tussusception volvulus gastromtes 
tinal tract carcinoma of tuberculosis 
intestinal etc 
\ l omihng q v 84 86 
Alkali reserve 77 396 
Blood chlorides 132 39s 
Oliguria 27 338 
Feces examination 145 44s 
C Alkalosis or acidosis q v 73-91 
Anhydreraia qv 30 
Peritonitis q v 
Ketosis 73 344 

D Neutrophilia or simple leukocytosis 
237 238 476 

Intestinal parasites 130-134 See also 
under names of parasites 


Intestinal parasites — (Continued) 

A feces examination 14s 443 
Cosmo phtha 240, 476 
inemia q v 214 

Intestinal ulceration 155 See also tuber 
culosis intestinal typhoid dysentery 
colitis, ulcerativ e etc 
\ feces examination 143 443 

A nemia of chronic hemorrhage q v 
206 211 

Total and differential white cell 
counts 228-243 47® 

Stool culture 259 509 
Diarrhea q v 

Serum agglutination for typhoid and 
dysentery groups 239 512 
Constipation q v 143 444 
Blood culture 238 509 
C Sulfanilamide level 261 417 
D Proteosuna 18 342 
Intestine short ro8 Sec also llietis 
regional tuberculosis intestinal 
A Serum calcium low 107, 403 
Serum phosphate low no 404 
Diarrhea q v 
Fat in feces 149 446 
Carmin test 143 444 
C Cachexia q v 
Tetany q v 
Osteomalacia q v 
Intussusception 135 

A Blood in feces 143 443 
Intestinal obstruction q v 
\omitmg qv 84 86 

Jaundice acholunc 21s See hemolytic 
icterus 

Jaundice acute catarrhal 138 Seehepati 
tis 

Jaundice complete obstructive, 138 See 
also cholecystitis gallstones pancreas 
carcinoma of 

A Icterus index increased 139 410 
Cholurta 137 356 

Urobilinogen test in urine negative 137 
357. 379 

Feces examination 143 443 
Urobilinogen in feces absent 149 445 
Prothrombin time 272 505 
B Red cell fragility decreased 197 498 
Galactose tolerance test 143 378 
C Coagulation time and bleeding time 
269 270 503 
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Jaundice, complete obstructive— (Con 
tinned) 

Fat in fcccs increased, 149, 446 
D Direct \an den Bergli test positive, 
142 412 

Blood in fccts, 147, 447 

Cerebrospinal fluid yellow, 296 517 
Blood calcium normal, 107, 403 
Bile salts in blood increased 134 
Dye excretion minimal, 143 4*2 
Serum phosphatase, no, 404 
Jaundice, hematogenous, 159 See also 
hemolytic icterus, Icterus neonatorum 
infarcts, anemia hemolytic roaUna 
hemorrhage, interna! etc 
A Icterus index incrrajrd 139 196, 410 
Urobihnogtnuno 137 196, 357, 379 
Urobilinogen in fcccs increased 149 
445 

Anemia q v , 214 
Choluna absent 137, 356 
Reticulocyte count, 194 49® 

B Fragility test, 197 498 
D \ an den Bergh test 142 4** 

Bile salts in blood normal 134 
Jaundice, partial obstructive, 159 See 
also cholecystitis hepatitis gallstones 
cirrhosis etc 

A Icterus index increased 139, 410 
Urobthnogenuna 137 357.379 
Choluna, 137, 356 

Urobilinogen in feces increased 149 
445 

Other laboratory findings same as in 
jaundice complete obstructive q v 

Kala azar, 198 

A Anemia splenomegahc qv 217 
Fosinophika 250 476 
Monocytosis, 243 476 
Granulopenia 245 476 
Sternal puncture 299 499 
B Splenic puncture for Leisbman Bono 
van bodies 201 500 
D Hypoglycemia 56 333 
Hyperprotememia 39 405 
Kidnevs amyloidosis of 51 See also 
nephrosis bronchiectasis osteomyeh 
tis pulmonary tuberiulosis etc 
A Congo red test 42 414 
Olsguna 27 338 
Albuminuria, 14 342 
Casts in unne 18 349 


Kidneys amyloidosis of — (Continued) 

C Blood urea nitrogen, 32 381 
Blood creatinine 37 387 
Alkali reserve, 77,396 
Ascitic, pleural and pericardial fluids 
transudates, 284 52a 
Diarrhea, q v 

D Pbcnolsulphonphthalein test normal 
3G362 

Serum proteins low 39 405 
Kidnevs, atherosclerosis of 48 See also 
hypertensive cardiovascular disease 
A Alburnum na 14 34a 
Casts in unne 18 349 
Polyuria, 16 338 

B Blood urea nitrogen normal 32 381 
Kidneys carcinoma of, 50 See also 
hypernephroma 
A Hematuria 19 351 
C Intravenous phenosulphonphthalein 
test 31 362 
Liver damage q v , is® 

Kidneys congenital polycystic 49 
A Hematuria 19 351 

Blood urea nitrogen 32 381 
Albunununa, 14 342 
Modified Mosenthal test 30 360 
Phenolsulphonthalem test 31, 362 
Red cell count and hemoglobin not 
mal 174 177 462 47 1 

B Concentration and dilution test 31 361 
C Blood creatinine 37 387 
Alkali reserve, 77 396 
Casts in unne 18 349 
D Blood non protein nitrogen 35 386 
Blood unc acid 41 388 
Serum sulphates 43 

I ldneys infarction embolism or throm 
bosis of, 47 See also nephritis focal 
embolic 

A Hematuria 19 35* 

C Intravenous phenolsulphonphth 
test 31 362 

Kidneys low reserve 322 See also 
tensive cardiovascular disease 
A Albuminuria 14 342 

Blood urea nitrogen normal 32 381 
Kidneys parenchymatous degeneration 0 
IS See also fever infectious disease 
etc 

A Obguria, 27, 338 
Albuminuria, 14 342 
Casts in unne 18 349 
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Kidneys parenchymatous degeneration 
of — (Continued) 

B Congo red test normal 42 414 
C Blood urea nitrogen normal 32 381 
Kidneys, passive congestion of 15 See 
also heart failure congestive 
A Albuminuria 14 342 
Oliguria 2 J, 338 
Urobihnogenuna 137, 357, 379 
Caste m urine 18 349 
C Hematuria 19 351 
D Blood urea nitrogen increased 32 
381 

Phenolsulphonphthalein excretion in 
creased 1 362 

Modified Mosenthal test 30 360 
Plasma proteins 39 405 
Kidneys syphilis of 
A Albuminuria 14 342 
Serologic tests for syphilis 
Kidneys trauma to 
A Hematuria 19 351 
C Mbuminuna 14 342 
Kidneys, tuberculosis of 50 See also 
cystitis pyelitis 
A Pyuria 23 349 

Urine examination for tubercle bacilli 

as8 507. 508 

Smear and culture of urine for other 
organisms 258 239 5°7. 5°9 
Intravenous phenolsulphonphthalein 
lest 31 362 

Blood urea nitrogen normal 32 381 
Fever qv 

C Hematuria 19 351 
Albuminuria 14 342 

Kidneys tumors of 50 See also hyper 
nephroma 

A Hematuria rg 351 

Intravenous phenolsulphonphthalein 
test 31 362 

B Sedimentation rate 253 501 

Lead See poisoning lead 
Leishmamasts 198 See kala aaar 
Leprosy 

A Smears of nasal secretions etc for 
lepra bactllt 258 507 
Anemia normocytic qv 212 
Simple leukopenia 244 475 476 
D Serologic tests for syphilis positive 

259 5« 


Leukemia, granulocytic, 261-267 

See also anemia splenomegahc polycy 
themia rubra vera 
A Immature granulocytes 246 476 
Granuloblasts 246, 476 
Total white cell count 1 000 to 1 000 
000 228 475 

Red cell count, 1 to & million 174 471 
Hemoglobin 25 to 24 o grams 187 
462 

Anemia myelophthisic qv, 205 217 
Neutrophiha eosinophilia and baso 
phiha 237 278 240 242 476 
B Peroxidase test positi e 249 495 
Sternal puncture 199 499 
Basal metabolic rate increased 94 
423 

Biopsy of lymph node 202 
Fever qv 

C Platelet count 271 504 

Coagulation time bleeding time clot 
retraction 269 270 503, 504 
Hematuna 19 351 

D Blood and urine unc acid increased 
41 338 

Splenic puncture 201 500 
Proteosuna 18 342 
Bence Jones proteinuria 17 342 
Leukemia lymphocytic 261-267 
A Lymphocytosis 242 475,476 

Total white cell count t 000 to 1 000 
000 228 475 

B Lymphoblasts and prolymphocytes 249 
476 

Peroxidase test negative 249 495 
Thrombopema 271 504 
Biopsy of lymph node, 202 
Bone marrow puncture 199 499 
Basal metabolic rate 94 423 
Fever qv 

C Anemia myelophthisic q v 205 217 
Hematuna 19 351 
Coagulation time bleeding time clot 
retraction 269 270 503, 504 
Capillary resistance test 270 505 
D Blood and unne uric acid increased 
41 388 

Proteosuna 18 342 
Splenic puncture 20 r 500 
Bence Jones proteinuna 17 342 
Leukemia, monocytic 261-267 See also 
leukemia granulocytic Ilodgkins dis 
ease endocarditis subacute bacterial 
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Leukemia, monocytic — ( Continued) 

A Monocytosis, 343, 476 

Promonocytes and monoblasts tn blood, 

349, 476 

Promonocytes and monoblasts in 
bone marrow 199 499 
Total white cell count 1 000 to 500 000 
228, 475 

Other laboratory findings same as in 
leukemia, granulocytic, q v 
Leukemia, myelogenous Sec leukemia 
granuloc) tic 

Leukemia plasmacytic 361-367 
A Plasmacytes in blood, 350, 476 
Proplasmacytes In blood 250 476 
Leukorrhea, 288, 323 See also gonorrhea, 
salpingitis, uterus carcinoma of 
A Urethral and cervical smears for 
gonococci, 338 507 
Trichomonas vaginalis tn vaginal sure 
lion 152 45i 

Sedimentation rate 253 501 
Levulasuna See fructosutu 
Ligamentum flavum hypertrophy of 
A Subarachnoid block q v , 295, 3x1 
Lipoid histiocytosis 218 See Gaucher s 
disease Niemann Pick’s disease and 
xanthomatosis 

Lipomatosis, 114 See obesity pituitary 
hypofunction 

Liver abscess amebic 151 See also 
echinococcus disease liver abscess 
pyogenic pylephlebitis 
A Endameba histolytica tn feces or 
aspirated material, 15: 447 
Eostnopkiha 240 476 
Liver damage, qv , 158 
C Endameba histolytica in sputum 382 
5*3 

Liver abscess, pyogenic 139 See also pyle 
phlebitis malaria pyehtis 
A Neutrophilia 338, 476 
Liver damage qv 158 
Fever, q v 

Liver acute yellow atrophy of 158 
A Icterus index increased 139 410 
Urobthnogenurta 137 357 379 
Cholurta, 137 356 
Prothrombin time 272 515 
B Millons test positive in unne 25 
244 353 355 

Galactose tolerance test 143 378 


Liver, acute yellow atrophy of — ( Con 
ttnued) 

C Leucm and tyrosin crystals in unne 
25 353.355 
Blood in feces, 147 445 
Hypoglycemia, 6:, 390 
D Dye excretion minimal 143 4x2 
ribnnogen decreased 41 403 
Sedimentation rate decreased 253 
Sox 

Ammonia nitrogen over 10 per cent 
of total nitrogen in 24 hour unne 

80. 363. 367 

Ltvulosuna 60 346 
Galactosuna, 61, 346 
Van den Bcrgh test 142 422 
Liver carcinoma of (primary or secondary) 
237-244. 255 

A Lner damage qv 158 
Liver cirrhosis of, 156 See cirrhosis 
Lner damage 158 See also poisoning 
arsenical and phosphorus hver abscess 
liver carcinoma of, etc 
A Icterus index increased 139 420 
Urobihnogenurta 137. 357. 379 
Cholurta 137 35^ 

B Millon’s test on unne 25 144 353. 
355 

Dye excretion test, 143 422 
C Ascitic fluid examination 284 522 
Hypoglycemia 61 390 
Leucm and tyTosin crystals in unne 
25 353. 355 

Prothrombin time, 272, 505 
Galactose tolerance test 143 378 
Hypoproteinemia 39 505 
D Ammonia nitrogen over so per cent 
of total nitrogen m 24 hour urine 
80 363 367 
Levulosuna 60 346 
Galactosuna 61,346 
Van den Bergh test 142 4x2 
Fibnnogen decreased 41 4°5 
Locomotor ataxia 312 See tabes dorsalis 
Lung See pulmonary tuberculosis bron 
thus carcinoma of pneumonia asthma 
infarcts etc 

Lung abscess 281 See also abscess 
amyloidosis 

A Sputum examination 280 513 

Smears and cultures of sputum for 
cousaine organism 238 259 5°7 
509 
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Lung abscess — ( Continued) 

\ ohtme of 24 hour sputum ?8i 513 
C Congo red test for amyloidosis 4* 

4 T 4 

Lymphopathia venereum See also granu 
lama inguinale 
A Frei test positne 
C Intestinal obstruction 4 v , 155 
D Hyperproteinemia 40 405 
Lymphosarcoma 219 See also Hodgkin s 
disease 

A Anemia splenomegalic, qv 217 
B Btopsy of lymph node 202 
C Hematuria 19 351 
D Simple Ieukocy tosis 237 475 456 
immature forms increased 246 476 
Eosmophiha 240 476 
Basophilia 242 476 
Monocytosis 243 476 
Splenic puncture 2or, 500 
Rare terminal leukemoid blood pic 
ture 265 
Fever q v 

Malaria 197 See also liver abscess 
pyelitis anemia, splenomegahc etc 
A Malaria parasites in red cells 197 
484 

Anemia hemolytic q v 205 214 
Fever q v 

B Thick drop technic for malaria para 
sites 197 484 
Sternal puncture 199 499 
Icterus index increased 139 196 410 
Urobibnogenuna 137 196 357 379 
Monocytosis 243 476 
Simple leukopenia 244 475 
C Hemoglobinuria 22 51 216 357 
Jaundice hematogenous q v 159 
D Splenic puncture 201 500 
Thrombopema 271 504 
Eosmophiha 240 476 
Van den Bergh test 142 412 
Malta fever See undulant fever 
Mastoiditis See also otitis media brain 
abscess sinus thrombosis meningitis 
etc 

A Smear and culture of pus 258 259 

507 509 

V eutr aphtha 238 476 
Sedimentation rate increased 253 
501 

Fever q v 


Mastoiditis— (Continued) 

Sulfanilamide lev el m blood 261 417 
C Cerebrospinal fluid examination 297 
5*7 

Blood culture 59 509 
Queckenstedt test 295 
Immature neutrophils increased 246 
476 

Toxic neutrophils 252 483 
Measles See also German measles 
A Simple leukopenia 244 475 
B Diazo test positive in unne 358 
Meckel s diverticulitis 
A Blood in feces 147 445 

Anemia of chronic hemorrhage q v 
211 

Melanocarcinoma 
A Melanuna 356 
C Cachexia q v 

Liver damage qv 158 
Meningitis aseptic 310 See also brain 
abscess mastoiditis, sinusitis, osteo 
myelitis brain hemorrhage, brain 
tumor 

A Cerebrospinal fluid cell count increased 

297 5*7 

Smear and culture of cerebrospinal fluid 
negative 258 259 507, 509 
Cerebrospinal fluid pressure increased 
294 

B Cerebrospinal fluid sugar and chlo 
rides normal 301 521 
Meningitis epidemic, 309 

A Cerebrospinal fluid cloudy 296 517 
Meningococci «» smear of cerebrospinal 
fluid 238 507 

Neutrophil count high in cerebrospinal 
fluid 298 518 

Sulfanilamide in blood and cerebro 
spinal fluid 261 417 
Cerebrospinal fluid pressure increased 
294 

Neutrophiba 238 476 
Immature neutrophils increased 246 
476 

B Cisternal or ventricular pucture 293 
Blood culture for meningococci jjg 

509 

Fever q v 

Cerebrospinal fluid dextrose and 
chlorides low 301 521 
C LyTnphocy tosis in cerebrospinal fluid 

298 5t8 
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Meningitis, epidemic— {Continued) 

Toxic neutrophils, 252, 483 
D Lange Zone III, 399 521 

Cerebrospinal fluid globulin increased, 
398, 518 

Cerebrospinal fluid yellow, 396, 517 
Meningitis, purulent, 309 See also mas 
toiditis sinusitis osteomyelitis etc 
A Organtsm other than meningococci 
or tubercle booth found in smear and 
culture of cerebrospinal Jluid, ioj, 
258, 359 507. 509 

Sulfanilamide or sulfapyndsne level in 
blood and cerebrospinal fluid, 261, 
417 

Pneumococcus typing 509 
Other laboratory findings same as m 
meningitis epidemic q v 
Meningitis serous 310 See arachnoiditis 
choriomeningitis, meningitis aseptic 
A Cerebrospinal fluid pressure and t ol 
time increased, 294 

Cerebrospinal fluid cell count normal 
397 . 517 

Ayala’s quotient increased 296 
B Smear and culture of cerebrospinal 
fluid negative, 258 359 507 509 
Dextrose and chlorides in cerebro 
spinal fluid normal, 301 531 
Meningitis, syphilitic, 310 See also neuro 
syphilis 

A Lymphocytes in cerebrospinal fluid 
increased 297, 298, 5x7, 518 
Serologic tests for syphilis, 259 5x2 
Cerebrospinal fluid Lange high Zone II 

299 521 

Cerebrospinal fluid pressure and pro- 
tein increased 294 298 518, 519 
T ests for syphilis in cerebrospinal fluid 

300 512 

B Smears and cultures of cerebrospinal 
fluid negative 258 259 507, 509 
Cerebrospinal fluid dextrose normal 

301 S3 1 

Cerebrospinal fluid chlorides sbghtly 
decreased 301 521 
C From syndrome 299 517 
Meningitis tuberculous 310 See also 
tuberculosis miliary 

A Cerebrospinal fluid cell count increased 
394 5*7 

Smear and culture of cerebrospinal fluid 
negative 258 259 507 509 


' DISEASES 

Meningitis, tuberculous — {Continued) 

Concentration technic for tubercle 
bacilli in cerebrospinal fluid, 507, 
515 

Cerebrospinal fluid pressure increased, 
394 

Spontaneous coagulation of cerebro- 
spinal fluid, 299, 517 
B Neutrophils increased in cerebrospinal 
fluid, 298, 518 

C lymphocytes increased in cerebrospinal 
fluid 298 518 

Cerebrospinal fluid chlorides very low 
301 S2I 

Cerebrospinal fluid dextrose low, 301 
53r 

D Guinea pig inoculation of cerebro 
spinal fluid 507, 523 
Cerebrospinal fluid yellow, 296 5x7 
Total and differential white cell count 
variable 228, 475, 47$ 

Menorrhagia See also uterus royoBbro 
mata of, uterus carcinoma of thyroid 
hypofunction of pituitary, hypofunc 
tion of 

A Anemia of chrome hemorrhage q v 
2X1 

B Basal metabolic rate 94 4 2 3 
Menstruation vicarious See also hemor 
rhagic diseases 
B Hematuna, X9 35 
Blood in feces, 147 445 
Coagulation time bleeding time and 
platelet count normal 269 270 

271,503 504 

Mercury See poisoning mercury 
Mesenteric thrombosis 153 See intestinal 
obstruction 

Mesoaortitis See also aortic insufficiency 
aneurysm syphilis tertiary neuro 
syphilis 

A Serologic tests for syphilis negativ e to 
4 plus, 2S9 3°° 5 12 

Cerebrospinal fluid examination 291 

597 

Methemoglobinemia 23 5 1 2,6 See also 
poisoning and sulphemoglobmemia 
B Test for methemoglobin in blood, 416 
C Methemoglobinuna 23 340 358 
Casts 18 349 
Albuminuria 14 34 2 
Blood urea nitrogen increased 32 381 
Obguria or anuna 27 338 
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Metrorrhagia See also uterus carcinoma 
of uterus my o fibromata of menor 
rhagia, hemorrhagic diseases 
A Anemia of chrome hemorrhage qv 
211 

Mikulicz s disease 

A Chrome lymphocytic or granulocytic 
leukemia syndrome q v 261-267 
Mononucleosis infectious 266 See also 
leukemia lymphocytic 
A Lymphocytosis 242 476 
Prolympkocytes 249 476 
Anemia absent 186 462 471 
Paul and Bunnell test 260 5x2 
B Fenestrated 1> mphocy tes 251 476 
D Occasional false positive serologic 
tests for syphilis 259 512 
Mucous colitis ’ 147 See also colon 
irritable colitis ulcerative dysentery 
amebic 

A Feces c'tammation 145 443 
Multiple sclerosis, 312 See also pyelo 
nephritis 

A Tests for syphilis in cerebrospinal 
fluid negative, 300 5:2 
B Cerebrospinal fluid Lange Zone I or 
II 299 521 

Cerebrospinal fluid cell count in 
creased or normal 297 517 
C Pyuria 23349 

Cystitis pyelitis pyelonephritis q v 
49 5° 

Mumps 

B Total white cell count normal 188 
228 475, 476 

Simple leukopenia 244 475 476 
D Lymphocytosis in cerebrospinal fluid 
*97 *98 517 5i8 
Muscular atrophy progressive 
B Cerebrospinal fluid normal 291 517 
D Hypoglycemia 61 390 
Creatinuna 315 371 
Muscular dystrophy progressive 
B Cerebrospinal fluid normal 291 517 
D Hypoglycemia 61 390 
Creatinuru 315 371 
Myasthenta gravis 

B Cerebrospinal fluid normal 291 517 
D Hypoglycemia 61 390 
Creatinuna 315 371 
Mycosis fungoidcs 
Sternal marrow 199 499 


Mycosis fungoides — (Continued) 

C Leukemia lymphocytic qv 261-267 
Hodgkin s disease q v , 219 
Ly mphosarcoma q v 219 
Myelitis See also meningitis syphilitic 
Pott s disease fractures etc 
A Queckenstedt te t 295 
Ayala s quotient 296 
Cerebrospinal fluid cell count 297 
5*7 

Tests for syphilis in cerebrospinal 
fluid 300 512 
C From s syndrome 299 
Myeloma multiple 18 
A Bence Jones proteinuria 17 342 

Anemia myelophthisic qv 20-, 217 
B Bence Jones protein in blood serum, 
40 

Plasmacytes in sternal marrow 199 
499 

D Flasmacytosis 244 476 
Hyperproteinemia 39 405 
Myomalacia cordis See coronary occlu 
sion 

Myositis ossificans 
A Blood calcium high 107 403 
Myxedema 112 See also thyroid hypo 
function of 

A Basal metabolic rate tow 94 423 
Anemia normocytic qv 214 219 
Color volume and saturation indexes 
normal 188 488 

Dextrose tolerance curve leu 65 394 
B Blood cholesterol increased 42 no 
408 

C Hypoglycemia 61 390 
D Blood volume low, 223 4t3 

Nephritis, acute glomerular 45 46 See 
also focal infection 
A llbumtnurta 14 342 
Hematuria 19 351 
Casts tn urine 18 349 
Ohtuna 27 338 

Blood urea nitrogen increased 32 381 
Phenolsulphonphthalem excretion de 
creased, 3 1 362 

Anemia normocytic J»,38 312 
Sulfanilamide level in blood 261 417 
B Blood urea clearance test 36 382 
C Blood creatinine increased 37 387 
Aliolt reserve 38 77 396 
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Nephritis, acute glomerular — (Continued) 
Fluid accumulations transudates 39, 
284, 522 

Cerebrospinal (luid pressure increased 
294 

Uremia, q v , 52 
llypoprotcinemia, 39 405 
D Non protein nitrogen 35 386 
Blood chlorides 38 132, 395 
Blood phosphates, 39 no, 404 
Serum sulphate, 43 
Blood cholesterol, 42, 408 
Addis sediment count 25, 353 
Blood unc acid, 41, 388 
Modified Mosenlhal test 30 360 
Concentration and dilution test 3: 
361 

Dextrose tolerance test 65 394 
Hyperglycemia, 61, 390 
Glycosuna 57 345 
Blood calcium decreased, 39, 107 403 
Urea concentration tests 43 381 
Nephritis, chronic diffuse, 43, 47 See also 
focal infection, hypertensive cardio- 
vascular renal disease hydronephrosis 
A Albuminuria, 14 342 
Hematuria, 19 351 
Casts sn unite x8 349 
Polyuria, 26, 338 

Blood urea nitrogen increased 32 381 
Phenolsulphonphthalem excretion it 
creased 31 362 

Anemia normoc-vtic qv,38 212 
Nocturia 29 360 

B Modified Mosenlhal test, 30 360 

Concentration and dilution test 31 361 
Blood urea clearance test 36 382 
C Oliguna 27 338 

Other laboratory tests same as those 
under C and D in nephritis acute 
glomerular q v 

Nephritis focal or embolic, 47 See also 
endocarditis subacute bacterial focal 
infection 

A Albuminuria 14 342 
Hematuria 19 351 
Casts in urine 18 349 
Urine volume and specific gravity 
normal 26 338 

Blood urea nitrogen normal 32 381 
Phenolsulphonphthalem excretion 
normal 31 362 
Blood culture 258 509 


Nephritis, focal or embolic -—(Continued) 
Hemoglobin and red cell count 38 
212 462 471 

B Modified Moscnthal test normal 30 
360 

Dilution and concentration test nor 
mal, 31,361 

D Non protein nitrogen normal 3., 386 
Urea concentration tests normal 43 
38i 

Nephritis, subacute glomerular, 45 46 
See also focal infection 
A Urme volume and specific gravity 
normal, 26, 338 

Other laboratory tests and findings 
same as those /or nephritis chrome 
diffuse, q v 

Nephrosclerosis 45 48 See hypertensive 
cardiovascular disease 
Nephrosis 45 46 Sec also kidney 

amyloidosis of focal infection 
A Albuminuria 14 34 2 
Casts in urine r8 349 
Hematuria absent, 19 351 
Oliguria, 27 338 

Blood urea nitrogen normal 32 381 
Red cell count and hemoglobin normal 

38 174 177 46t, 472 

Serologic tests Jor syphilis 2^9 5« 
Hypoproteinemn 39 405 
Blood cholesterol increased, 42 408 
Lipoid droplets m urine 24 353 
Sedimentation rate rapid, 2S3 5 or 
Phenolsulphonphthalem excretion 
normal 31 362 

B Congo red lest positive, 42 414 

Blood urea clearance normal 36 382 
C Examination of fluid accumulations 

39 284 522 

D Basal metabolic rate low g4 423 
Addis sediment count, 25 353 
Blood chlorides 38 132 395 
Unne chlorides 37 1 
Modified Mosenthal test 30 360 
Dilution and concentration test 31, 

36: 

Neurasthenia 

A Sedimentation rate normal 253 5°i 
Total and difierential -eohite cell count 
normal 228 475*476 
Red cell count and hemoglobin normal 
174 177 462 47 1 
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Neurasthenia — (Continued) 

Serologic tests for syphilis negative 259 
512 

B Cerebrospinal fluid normal 291 527 
Neuritis See diabetes mellitus poisoning 
arsenic lead alcohol diphtheria, focal 
infection etc 

Neurosyphilis, 310 312 See also meningi 
tis syphilitic paresis general 
tabes dorsalis, syphilis etc 
A Tests for syphilis in cerebrospinal fluid 
300 5x2 

Lymphocytosis tn cerebrospinal fluid 
297, 298 517. 5*8 

Cerebrospinal fluid Lange Zone II, 299 

521 

Cerebrospinal fluid globulin increased 
398 518, 5x9 

C C>stitis pyelitis pyelonephritis qv 
49 So 

Niemann Pick s disease 218 See also 
Gaucher s disease 

A Anemia splenomegahc qv 217 
Simple leukopenia 244 475 
Thrombopenia 271 504 
B Sternal puncture 199 499 
C Blood in feces 147 445 

Ascitic fluid transudate 284 522 
Noma See also anemia aplastic agranu 
locytic angina leukemias diphtheria 
angina Vincent s etc 
A Total and differential white cell count 
228 475 476 

Smear and culture 258 259 507 509 
Red cell count and hemoglobin 174 177 
462, 471 

Immature neutrophils increased 246 

476 

Toxic neutrophils 2^2 483 
Sedimentation rate increased 253 S»i 
Feser q v 

Obesity See also pituitary hypofunction 
of th> roid hypofunction of 
A Basal metabolic rate 94 423 
Dextrose tolerance test 6^ 394 
Ochronosis 57 See alkaptonuria 
A Homogcntisic acid in unne 37 346 
Unne turns dark on standing 57 340 
Optic atrophy or neuntis See tabes 
dorsalis neurosyphilis multiple sclero 
sis brain tumor etc 


Orchitis See mumps epididymitis tuber 
culosis teratoma testis 
Oroya fever 

A Bartonella bocilltforms seen os rod in 
erythrocytes stained with Wrights 
stain 476 

Anemia normoc^tic qv 212 
Simple leukocytosis 237 476 
Fever q v 
C Diarrhea qv 

Jaundice hematogenous qv 139 
Osteitis fibrosa cystica 116 See para 
thyroid hyperfunction 
Osteomalacia, 324 See also parathjroid 
hyperfunction rickets 
A Blood calcium low 107 403 
Blood phosphates low no 404 
D Eosinophilia 240 476 
Blood phosphatase no 404 
Osteomyelitis See also meningitis 
A Total and differential while cell count 
238 475 , 476 

Anemia myelophthisic q v 205 217 
B Fever qv ' 

Blood culture 258 509 
Neutrophilia muopUu and lls0 . 

ph.ha 337 ! 3 » »,o , 4 , 4 ,J 
Immature granulocytes 346 4,4 
Sedimentation rate rapid 
C Smear and enter* 0/ . 

507,509 * 

Tome neutrophil, rj, ,j, 

Congo red ten („ 

Cenbrospinal thud «„ ^ p 

Osteosclerosis 

B Anemia myelophthmt 
C Anemia upland o , ’ 11 
D Serum phospha ta „ ” 

Otitis media See ata, ^ 

A 

Smear and cultur, ' 0 f . 

507,509 1 s* 

C Blood culture }t o , 

Cerebrospinal 

5x7 

Ovanan dysfunction 
B Test for female., 
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Ovary, arrhenoblastoma of, 115 See 
also pituitary basophil adenoma of, 
adrenal cortical adenoma of 
A Dextrose tolerance curve normal 6s, 
394 

Glycosuria absent, S7» 347 
Basal metabolic rate normal, 94 423 
Oxyuriasis, 153 

A Teccs examination 145 443 

Enterobius v ermiculans In feces 153, 
455 

Ova under finger nails 153 45s 
D Eosinophiha 340, 476 

Paget's disease 
D Blood calcium 107, 403 
Blood phosphate 110,404 
Blood phosphatase 1 io, 404 
Pancreas, carcinoma of, 154 See also 
jaundice obstructive diabetes mellitus 
A Feces examination 143 443 
Icterus index, 139 196 410 
Urobilinogen m urine 137, 196 357, 
379 

Dextrose tolerance test 63 394 
C Jaundice , complete obstructive q v 

158 

Bile absent from duodenal contents 
133 442 

Hyperglycemia 61 390 
Glycosuria, 57, 345 
Urobilinogen absent from feces 149 
445 

Tat in feces increased, 149 446 
Amylase decreased 133, 442 
D Stain of feces after liver feeding show s 
numerous nuclei 149, 446 
Quantitative examination of feces 149 
Diastatic activity 91 390 
Pancreas carcinoma of primary in islets of 
Langerhans 

A Hypennsuhnism q v 63 

Other laboratory tests same as those 
in pancreas carcinoma of q v 
Pancreatitis See also diabetes mellitus 
cholecystitis 

A Dextrose tolerance lest 65 394 
Feces examination 145 443 
B Neutrophilia 238 476 

Sedimentation rate increased 253 
501 

Toxic neutrophils 252 483 


DISEASES 

Pancreatitis — { Continued) 

C Fat infects increased, 149 446 
Ifypergljcemia 61,390 
Glycosuria, 57, 345 

D Test duodenal contents for pancreatic 
enzymes 133,442 
Diastatic activity, 91, 390 
Stain of feces after liver feeding shows 
numerous nuclei, 149 446 
Maltosuria 6r 346 
Pentosans in urine 61 
Pappataci fev er See also dengue 
A Simple leukopenia 244 475 
Parathyroid hyperfunction 116 See also 
carcinomatosis myeloma multiple 
A Blood calcium high 107 403 
Blood phosphates low no 404 
C Osteitis fibrosa cystica, q v 
Calculi, renal q v , 26 
D Negative calcium balance 
Serum phosphatase no, 404 
Parathyroid tetany 116 See also tetany 
A Blood calcium low, J07, 403 
Blood phosphate no 404 
Paresis, general, 312 See also neuro 
syphilis 

A Lympl ocytes and prolan increased 
m cerebrospinal fluid 297 298 517* 
5*8. 5*9 

Cerebrospinal fluid Lange Zone I 
299 521 

Tests for syphilis in blood and cerebro 
spinal fluid, 259 300 512 
C Cerebrospinal fluid pressure increased 
294 

D Cerebrospinal fluid sugar and chlo 
ndes normal 301 521 
Simple leukopenia, 244 476 
Paroxysmal hemoglobinuria, 22 See also 
syphilis 

A Hemoglobinuria 22 51 216 357 
Donath Lands Inner test, 22 512 
Serologic tests for syphilis 4 plus 22 
*59 5*2 

C Anemia hemolytic q v , 216 
Pellagra See also poisoning alcohol 
A Anemia normocytic or macrocytic 
q v , 209 212 
Diarrhea qv 

C Simple leukopenia 244 47^ 
Eosinophilia 240 476 
Anhy dremia qv jo 
Porphyrinuria 23 356 
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Pentosuna idiopathic 61 345 346 
Peptic ulcer, 15S See also stomach car 
cinoma of 

A Blood injects 14S *47 443 445 
Stomach contents examination shows 
hyperMorhydno 127 437 
Anemia of hemorrhage q v , 206 an 
B Icterus index 139 4x0 

Sedimentation rate normal 253 501 
C Alkalosis q v 73-91 396 
Blood chlorides 132 395 
Blood urea nitrogen 32 381 
Volume of stomach contents in 
creased 124 434 

Saranae in stomach contents 130 436 
Stasis meal 13 1 435 
Pyloric stenosis q v 
Penartentis nodosa 

A Neutrophilia or simple leukocytosis 
237 238 475.476 
Eosinophiha 240 476 
Hematuria 19 35X 
Fever q v 

Pericarditis See also coronary occlusion 
uremia 

A Aspirated flutd exudate 284 522 
Smear and culture of aspirated fluid 
258 259 507,509 

Total and differential white cell 
count 228 475 476 
B Fever q v 

Guinea pig inoculation of aspirated 
fluid for tubercle bacilli 258 507 
523 

Study of aspirated fluid for tumor 
cells 287 523 

C Heart failurt. congestive qv 13 
Pick 5 disease qv 

Urine volume and specific gravity 
26 338 

Peritonitis acute See also appendicitis 
diverticulitis intestinal obstruction 
abscess peptic ulcer etc 
A Neutrophilia 238 476 

Immature neutrophils increased 246 

476 

Fever q v 

B Icterus index normal 139 410 
C Leukopenia with toxic neutrophils 
252 476,483 

Vomiting q v 

D Sedimentation rate vartab c 253 
501 


Peritonitis tuberculous See also tuber 
culosis miliary and intestinal 
D Total and differential white cell count 
variable 228 244 475, 476 
Sedimentation rate vanable 253 501 
Ascitic fluid exudate 284 522 
Guinea pig inoculation of ascitic 
fluid for tubercle bacilli 258 507, 
523 

Pernicious anemia of pregnancy, 209 323 
A Laborator> findings same as those in 
anemia macrocy tic q v 203 207 
and pregnancy q v 314-324 
Pernicious vomiting of pregnancy, 319 
A l omitmg q v 

Pregnancy q v 314-324 
D Liver damage q v 158 
Pertussis See whooping cough 
Picks disease 156 See also cirrhosis 
Laennec s 

A Examination of fluid accumulations 
284 523 

Cirrhosis cardiac q v 156 
C Heart failure congestive qv 15 
Polyserositis tuberculous q v 
Pituitary basophil adenoma of 114 See 
also adrenal cortical adenoma of 
ovary arrhenoblastoma of 
A Dextrose tolerance curve high 63 394 
Glycosuria, 57 345 
Basal metabolic rate normal 94 423 
Pituitary cachexia 114 See also anorexia 
nervosa 

A Basal metabolic rate low 94 423 
Dextrose tolerance test 6s 394 
C Hypoglycemia 61 390 
D Creatinuna 313 371 

Negative nitrogen balance 80 367 
Pituitary hyperfunction of 94-117 See 
also brain tumor thyroid hyperfunc 
tion of acromegaly gigantism 
A Basal metabolic rate increased 94 

423 

Dextrose tolerance test 65 394 
B Gigantism q v 1 14 
C Acromegaly qv 114 
D Hyperglycemia 6r 390 
Glycosuria 37 345 

I ituitary hypofunction of 94-117 See 
also obesity 

A Basal metabolic rate decreased 94 
423 
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Pituitary, hypofunctlon o! — (Continued) 
Dextrose tolerance curve low, 65, 
394 

Volume of 54 hour urine, 26 338 
II Frochhch’s syndrome, q \ 1:4 
Diabetes insipidus q v , 39 114 
Pituitary dwarfism 114 

C Pituitary cachcm, q v 114 
D Hypoglycemia, 6r, 390 
Plague (Cautionl) 

A B festu tn smears from lymph node 
or sputum, 258, 507 
Neutrophilia extreme 238 475,476 
Immature neutrophils Increased 246 
476 

Tevcr, q v 

B Guinea pig inoculation on shaven 
skin gives systemic infection 
C Toxic neutrophils, 252, 483 
Pleuntis with effusion, 284-2S7 See also 
pulmonary tuberculosis bronchus car 
cinoma of, polyserositis h>drothorax 
empyema etc 

A Aspirated fluid exudate, 284, 522 
Smear and culture oj fluid, 258 259 
507, 509 

Volume and specific gravity of 24 
hour urine 26 338 
Vital capacity reduced 288 524 
D Guinea pig inoculation of aspirated 
fluid for tubercle bacilli 258 508, 
523 

Study of aspirated fluid for tumor 
cells 287 523 

Pneumoconiosis See also pulmonary tu 
berculosis 

A Sputum examination 280 513 
Vital capacity reduced, 288 524 
C Heart failure congestive q v 15 
Erythrocytosis 226 462,471 
Pneumonia lobar 
A Sputum examination 280 513 
Neutrophilia 238, 475, 476 
Immature neutrophils increased 246 

476 

Pneumococci m imeari and cultures of 
sputum 238, 259 507, 509 
Sulfapyndine level tn blood 261 417 
Sedimentation rate increased 253 
501 

Fever qv 

B Pneumococcus typing 509 
Urme chlorides low 132 359 371 


Pneumonia, lobar— (Confini/ed) 

C Icterus index, 139 410 
Blood culture, 2 0 8 509 
Toxic neutrophil, 252, 483 
Leukopenia with increased immature 
neutrophils 252,483 
Urobihnogenuna, 137 357,379 
Empjema, q v , 284 522 
Lung abscess q v , 280 513 
D Blood chlorides low 132 395 
Blood unc acid increased 41,388 
Acidosis, 84 
Proteosuna 18 342 
Determination of ox>gen unsatura 
tion of blood 
Pneumonia, lobular 

A Sputum examination 280 513 

Smears and cultures of sputum 258 
259 507 , 509 

Other laboratory tests same as those 
lor pneumonia lobar q v 
Poisoning acetamlid 23 
A Methemoglobinemia, q v , 23 Si 216 
Sulphemoglobmemia q v 33 si 216 
Poisoning acid 84 

A Acidosis q v 73-9*, 396 
B Stomach contents examination 121 
434 

Poisoning alcohol 30 7 See also pellagra 
B Urinalysis 14 338 

Stomach pumping 121 434 
Cerebrospinal fluid examination, 291 
5*7 

Quantitative determination of per 
cent of alcohol in blood 305 420 
C Cerebrospinal fluid pressure increased 
294 

Coma qv 302-3*3 
D Blood fat and cholesterol increased 
42 408 

Fat droplets in unne 24 353 
Poisoning, arsenic, 51 
A Urinalysis 14 33® 

Blood urea nitrogen 32 389 
Icterus index 139 4*° 

Eosmophtlio 240 476 
Oliguria 27 338 
Anemia aplastic qv 220 
Diarrhea q v 

Simple leukopenia 244 47s 
B phenolsulphonphthalem excretion de 
creased 31,362 
Arsenic in unne 359 
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Poisoning arsenic— {Continued) 

Blood urea clearance 36 382 
C Blood crtatimne 37 387 
Alkah resent 77 396 
Granulopenia 243 47<> 

Hold accumulations transudates 284 
522 

Test hair for arsenic 
Hepatitis q v 258 

D Blood uric acid and non protein 
nitrogen increased 35 41 386 388 

Poisoning bismuth 51 
B Test for bismuth m unne 359 

Other laboratory tests and findings 
same as those in poisoning mer 
cury q v 

Poisoning benzol 204 220 245 
\ Anemia aplastic qv 204 220 
Agranulocytoses q v 204 476 

Poisoning bromide 306 308 
A Strum bromide 306 414 
Coma q v 302-313 
Psychosis q v 

Poisoning canthandes 31 
A Hematuria tg 391 
Oliguria 27 338 

Blood urea nitrogen increased 3 J 381 
Albuminuria 14 342 
B Blood urea clearance 36 382 
C Blood creatinine 37 387 
Alkali reserve 77 396 
D Blood non protein nitrogen 35 386 
Phenolsulphonphthalein test 31 362 
Poisoning carbon monoxide 306 308 
B Carbon monoxide hemoglobin in 
blood 306 4x5 
Glycosuria 57 345 
C Erythroqj tosis 226 462 471 
Coma q v 302-313 
Psychosis q v 

D Blood unc acid increased 41 388 
Poisoning chloroform 158 
B Anesthesia q v 
C Hepatitis q v 158 
Poisoning cmcophen 158 
A Hepatitis q v 158 
Poisoning, lead 51 
A Anemia qv 214 

Basophilic stippling 192 476 
Urinalysis 14 338 
Blood urea nitrogen 32 381 
Reticulocytes increased 194 496 


Poisoning, lead— (Cc»fi»»ed) 

B Test for lead in unne 
Ohgum 27, 338 
C Nucleated red cells 193 476 
Icterus index 139 *9^ 4»o 
Blood creatinine 37 387 
Urobilinogen in urine 137 196 3S7 
379 

Alkali reserve 77 39® 

Simple leukopenia, 244, 475 
Coma q v 302-313 
D Porphy nnuna 23 35® 

Red cell fragility decreased, 197 498 
Poisoning mercury, 51 3 oS 
A Urinalysis 14 338 

Blood urea nitrogen 3 2 381 
Oliguria 27 338 

Epithelium in unne increased 24 351 
Anemia normocytic q\ 214 
B Gastric contents analysis 121 434 
Blood in feces 14S. 2 47 443. 44S 
Mercury in unne 359 
Phenolsulphonphthalem excretion de 
creased 31 362 

C Blood creatinine increased 37 387 
Alkali reserve 38 77 396 
Simple leukopenia 244 475 
Fluid accumulations transudates 284 

522 

Anuna, q v 27 338 
Diarrhea q v 
Coma q v 302-3x3 
D Non protein nitrogen increased 35 
386 

Fat droplets in unne 24 353 
Blood unc acid increased 41 388 
Poisoning methyl alcohol 84 
B Test for methyl alcohol or formic acid 
in unne 

C Acidosis q v 73-91 
D Blood unc acid increased 41 388 
Poisoning morphine 83 308 
Coma q v 301-313 
D Asphyxia q v 
Glycosuna 57 345 
Acidosis 73-91 
Simple leukopenia 244 475 
Poisoning mtntes 23 
A Methemoglobinemia qv 23 51 216 
B Sulphemoglobicemia 23 51, jj 6 
Poisoning phosphorus is8 
C Erythrocytosis 226 462 471 
Fat droplets m unne 24 353 
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Poisoning phosphorus — (Continued) 

Other laboratory findings same as 
those in hepatitis q v 
Poisoning quinine 

C Porphynnuna 23 356 
Poisoning radium or roentgen raj, 204 220 
A Total uhtle cell count decreased 228,475 
Prolj mphocytes 249 476 
C Anemia aplastic qv 304 220 
Poisoning sutphonat 
A Porphynnuna 23 356 

Methemoglobinemia, qv,n 56 216 
Poisoning tctrachlorethane 
A Monocytosis extreme 243 476 
Poisoning tetronal 
A Porphynnuria, 23 356 

Methemoglobinemia q v 21 56 216 
Poisoning trional 

A Porphynnuna 23 356 

Methemoglobinemia, q v at, 56 216 
Poisoning turpentine 31 
A Laboratory findings same as those in 
poisoning canthandes q v 
Poliomyelitis, acute anterior, 313 
A Cerebrospinal fluid cell count increased 
*97 5*7 

Smear and culture of cerebrospinal 
fluid negative 258 259 507, 509 
B Neutrophils and lymphocytes in 
creased in cerebrospinal fluid 298 

5x8 

C Lymphocytosis in ccrebrosptnal fluid 
298 518 

D Cerebrospinal fluid Lange 299 521 
Simple leukopenia 244 475 
Polycythemia rubra vera 188, 225 See 
also erythrocytosis drugs phenyl 
hydrazine 

A Red cell count and hemoglobin tn 
creased 174 177 462 471 
Simple leukocytosis eostnopkilta and 
basophilia 237 240 242 476 
Immature leukocytes increased 246 
476 

Thrombocytosis 271 504 
Blood volume increased, 223 413 
C Hematuna 19 351 

Blood in feces 14; 147 443 445 
Hematemesis 128 436 
D Blood calcium high 107 403 
polyneuritis 313 See also poisoning 
alcohol arsenic and lead diphtheria 
diabetes melhtus etc 


Polyneun tis — (Continued) 

D Cerebrospinal fluid yellow, 296 517 
Lymphocytes increased in cerebro 
spinal fluid 297, 298 5x7, 518 
Polyserositis tuberculous See also Picks 
disease 

A Pleural pericardial and ascitic fluid 
exudates 284 522 

D Concentration technic and guinea pig 
inoculation of fluid for tubercle 
bacilli 258 507 523 

Porphynnuna, 23 356 See also poisoning 
lead poisoning quinine pellagra, cirrho- 
sis, Laennec’s, hydroa estival 
Portal or splenic veins thrombosis of 218 
See also Banti’s disease arrhosis 
A A ntmia, spknomegahe q v 217 
Hematemesis, 128 436 
Simple leukopenia 244 475 476 
Thrombopenta 271, 504 
Blood in feces 143 147.443 445 
Icterus index low 139 410 
Urobilinogen in unne absent 137 
357. 379 

B Red cell fragility normal 197 498 
C Ascitic fluid transudate 2S4, 522 
Coagulation time bleeding time and 
clot retraction 269 270 S°3 5<>4 
Capillary resistance test 270 505 
Anemia of hemorrhage q v 206 211 
Pott's disease See subarachnoid block 
C From s symdrome 299 517, 519 
Pregnancy, 314-324 See also eclampsia 
pernicious vomiting pregnancy ecto- 
pic anemia pernicious of pregnancy, 
hver acute yellow atrophy of, etc 
A Urinalysis 14 318 338 

Routine hematologic examination 171 

318,458-484 So* 

Test for ketonurta 73 344 
B Aschheim Zondek lest positive 316 
5*5 

Hypoglycemia 61,394 
Glycosuna 57 345 
C Albuminuria 14 342 
Anemia q v 184 323 
Lactosuna 61 34® 

D Simple leukocytosis 235 47s 47 6 
Renal threshold low, 6 S 394 
Sedimentation rate increased, 253 5°* 
Basal metabolic rate increased 94 
423 

Blood volume increased 223 316 413 
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Pr egn ancy — {Conti nued) 

Blood cholesterol increased 42, 314 
408 

Blood calcium decreased 107 314 
403 

Creatinuna 31s 37* 

Plasma proteins 39 314 405 
Blood urea nitrogen low 32 38* 
Pregnancy ectopic 323 See also sal 
pingitis 

A Icterus index 139 410 

Sedimentation rate 253 501 
C Anemia of acute hemorrhage 206 214 
Other laboratory findings same as 
those in pregnancy q v 
Prostate, hypertrophy of, 49 See hydro 
nephrosis cystitis pyelonephritis 
Prostatitis See also gonorrhea 
A Smear and culture of proslattc secretion 
258 259 28S 507,509 524 
Three glass test 1935° 

Pyuna 23 349 
C Hematuria 19 351 

Sulfanilamide level m blood and unne 
216 379 4*7 

Psittacosis See also pneumonia 
A Total and differential white cell count 
228 244 475 476 
Anemia normocytic qv 212 
Psychosis 

See also paresis general meningitis 
poisoning bromide hypennsulmism 
brain tumor etc 

B Cerebrospinal fluid examination 291 
5*7 

Serologic tests for syphilis 259 300 512 
Serum bromides 306 414 
Blood sugar 61 390 
D Simple leukocytosis 237 476 
Ptomaine poisoning See ga stroenter 
ltis trichinosis botulism 
Puerperal sepsis ” 323 See also sep 
ticemia lung abscess py emia 
A Blood culture 258 509 
Neutrophilia 238 476 
Sulfanilamide level in blood , 261 4x7 
Immature neutrophils increased 246 

476 

Sedimentation rate increased 233 501 
C Leukopenia with toxic neutrophils 
252 483 

Other laboratory findings as in puer 
penura q v 


Puerpenuni 313,324 

A Red cell count and hemoglobin 184 
3*3 

C * Puerperal sepsis ’ q v 323 

Anemia of hemorrhage q v 206 214 
D Simple leu kocy tosis 237 475 476 
Immature neutrophils 46 476 
Sedimentation rate increased 233 5°* 
Lactosuna 61 346 
Proteosuna 18 342 
Albuminuria 14 342 

Pulmonary arteries atherosclerosis or 
stenosis of 

A Erythrocy tosis qv 226 462 471 
C Heart failure, congestive qv 15 
Pulmonary edema See also heart failure 
congestive 

A Sputum examination 280 513 
Pulmonary gangrene 
A Sputum examination 280 513 

Smear of sputum for 1 1 ncent s organ 

isms 258 507 

Other laboratory findings as in 
pneumonia q v 

Pulmonary tuberculosis 280-289 See also 
bronchus carcinoma of bronchiecta 
sis, pneumoconiosis etc 
A Sputum examination 280-284 5*3 - 
5*6 

Smear of sputum for tubercle bacilli 
238 283 507,508 5*5 
Daily 24 hour sputum volume 281 513 
Sedimentation rate 233 501 
Total and differential white cell 
count 228 237 243 244 475,476 
B Concentration technic for tubercle ba 
cslli 258 283 507 508 515 
Stomach contents for tubercle bacilli 
*30 507 

C Urobilmogemrria 137 357 379 
Anemia qv 213 
Cachexia q v 
Tever q v 

Tuberculosis intestinal q v 
Toxic neutrophils 232 483 
D Blood cholesterol 42 408 

Negative nitrogen balance 80 367 
Blood calcium normal 107 403 
Purpura hemorrhagica 273 273 See also 
hemorrhagic diseases 
A Thrombopenia, extreme 271 504 
Bleeding time prolonged 269 503 
Coagulation time normal 270 503 
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Sporotrichosis 

A Culture for fungus sporotnchium, 259 
509 

B Biopsy of lymph node, 202 
D Complement fixation test, 259 512 
Sprue 

A reces examination, 145, 443 
Diarrhea, q v 

Anemia, macrocytic or normocytic, 
q v , 203 207 212 

Color, volume and saturation indexes, 
179, *82, 4 83 

Stomach contents examination ii8 
434 

Starvation 
A Ketosis 73,344 
C Acidosis q v , 73-91, 395 
Cachexia, q v 

Anemia, hypochromic microcytic 
q v , 2:0 

D Blood unc acid increased, 41, 388 
Crcatmuria 3:5,37* 

Negative nitrogen balance 80 367 
Basal metabolic rate decreased 94 

382 

Hypoglycemia, 61, 390 
Dextrose tolerance curve high 65 394 
Steatorrhea idiopathic, 108 See Gee s 
disease 

Sterility See also pituitary, hypofuncton 
of thyroid hypofunction of ovarian 
dysfunction, salpingitis testicular 
hypofunction 

A Semen examination 288 524 

Basal metabolic rate determination 
94 423 
C Rubin test 

Theelm in blood 116 
Stills disease See also focal infection 
arthritis Felty s syndrome 
A Anemia splenomegalic q v 217 
Stomach carcinoma of 1S4 See also 
peptic ulcer pylonc stenosis anemia 
pernicious 

A Stomach contents examination 118- 
132 434-441 

Blood m feces 145 147 443,445 
Anemia of hemorrhage qv 206 211 
Hypochlorhydna 127 437 
B Stasis meal 131 435 
Riegel meal 13 1 435 
Urea nitrogen or nonprotem nitrogen 
of gastric contents 131 365 367 


Stomach, carcinoma of— (Continued) 

C Achlorhydria 126,436 

Boas Oppler bacilli in stomach con 
tents 129 436 

Blood in stomach contents X28, 436, 
440 

Lactic acid in stomach contents, 128, 

439 

Cachexia q v 

Anemia myelophthisic q v , 217 220 
D Dextrose tolerance curve high 65 394 
Stomach dilatation of 124 See also 
pylonc stenosis 

A Volume of stomach contents in 
creased, 124 434 
Vomiting q v 
C Alkalosis q v 73-91 
Anhydremia qv 50 

Stomach syphilis of See also peptic ulcer 
A Serologic tests for syphilis, 259 5*2 
Lirald and slant meats, 123 131 434, 
435 

Achlorhydna 126,436 
Stomach thoracic See also peptic ulcer 
A A nemta of chronic hemorrhage q v 
206, 211 

Blood in stools 145 147 443, 445 
Blood m stomach contents, ts8 436 

440 

Stomach, tumors of, benign See also 
stomach carcinoma of 
A Blood in feces 14$ 147 443, 445 
Hemalcmtsis 12 6 436 
Anemia of chronic hemorrhage q v 
206 211 
Vomiting q v 

Stomatitis See anemia aplastic agranu 
locytosia angina Vincent’s leukemias 
poisoning benzol or mercury anemia 
pernicious pellagra sprue scurvy etc 
Subarachnoid block 295 311 See also 
spinal cord tumor Pott s disease 
meningitis intervertebral disc hernia 
tion of, hgamentum flavum hyper 
trophy of 

A Cerebrospinal fluid examination 291 
5*7 

Qucckcnsleit test 295 
Grant and Cone test, 29S 
Cerebrospinal fluid protein 298 518 
5*9 

B Lumbar and cisternal puncture 292 
94 1 
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Subarachnoid block — {Continued) 

C From $ syndrome 299 517-519 
Xanthochromic 296 5x7 
Cerebrospinal fluid pressure low, 294 
Ayala s quotient low, 296 
Lymphocytosis in cerebrospinal fluid 
298 518 

Subarachnoid hemorrhage 311 
A Cerebrospinal fluid bloody or xanlho 
chromtc 296 517 
Icterus index increased, X39, 410 
Simple leukocytosis 237 475,476 
Subdural hemorrhage 311 

A Ctribrospmal fluid yellow, 296 5x7 
Cerebrospinal fluid pressure increased 
294 

Cerebrospinal fluid protein increased 
298 519 

Sulphemoglobmemis 23 51 216 See 

also methemoglobinemia poisoning 
A Sulphemoglobinemia 23 51, 216 416 
C Sulphemoglobmuna, 23 340, 358 
Albuminuria 14 342 
Casts in urine 18 349 
Blood urea nitrogen increased 32 381 
Syphilis congenital 222 

\ Serologic tests for syphilis 259 5t2 
Cerebrospinal fluid examination, 291- 
30 *» 5i7 

C Anemia splenomegahc, q v 217,222 
Simple leukopenia 244 476 
Immature white cells 246 476 
Abnormal red cells 188-194 476 
Syphilis of liver, 156 See also cirrhosis 
hepatitis poisomng arsenic 
A Serologic tests for syphilis positive 259 

512 

Liver damage q v 157 158 
Cerebrospinal fluid examination 291- 
301 517 

15 Hepatitis q v 158 
C Cirrhosis syphilitic q v 136 
Svphilis primary See chancre 
Syphilis, secondary See also sore throat 
hepatitis poisoning arsenic and mer 
cury meningitis syphilitic 
\ Serologic tests for syphilis A plus 259 
512 

Icterus index 139 410 
L rmalysis 14 338 

Cerebrospinal fluid examination 291- 
301 5>7 

O Test for arsenic in urine 359 


Syphilis, terbary See also mesoaortitis 
cirrhosis syphilitic, neurosyphihs 
paresis tabes dorsalis 
A Serologic tests for syphilis positive or 
negative 259 512 
Icterus index, 139 410 
Cerebrospinal fluid examination 2gx- 
30i» 517 

Anemia normocytic qv 252 

Tabes dorsalis, 312 See also syphilis 
terbary 

A Cerebrospinal fluid cell count increased 
297, 518 

Tests for syphilis in blood and cerebro 
spinal flutd positue or negative 
259 3°°» 5« 

Lymphocytes and protein increased in 
cerebrospinal fluid 297 298 517 
518 519 

Cerebrospinal fluid Lange Zone II 

299 5» 

C Cystibs pyelonephritis or pyelitis 
qv 49 So 

Telangiectasia hereditary hemorrhagic 
275 See also hemorrhagic diseases 

A Bleeding time coagulation time clot 
retraction platelet count and capil 
lary resistance normal 269-271 

503-505 

Anemia of hemorrhage q v , 206 21 1 
214 

Teratoma testis 317 See also chorion 
epithelioma 

A Aschheim Zondek test positive 316 
525 

C Myelophthisic anemia qv 205 217 
Testicular hypofunebon 116 

A Dextrose tolerance curve normal 65 
394 

Glycosuria absent 57 345 

Basal metabolic rate normal 94 423 

D Unne fails to give biologic test for 
male sex hormone 116 
Tetanus 

D Simple leukocytosis 237 475 476 
Anaerobic culture of wound for 
tetanus bacillus 238 509 
Tetany 87,116 See also alkalosis vomit 
ing diarrhea nckets parathyroid 
tetany spas mop hiha 

A Blood c of c turn 107 403 
Utah reserve 77 396 
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Tuberculosis intestinal — (Continued) 

C Diarrhea constipation intestinal ob 
stmction q * 155 
Immature neutrophils 246 476 
Ascitic fluid exudate 2S4 522 
Toxic neutrophils 252 483 
Tuberculosis miliary See also meningitis 
tuberculous typhoid fe\er undulant 
fever 

A Cerelrosptnot fluid examination 290- 
301 517-5*1 

Sedimentation rule rapid 2J3 501 
Immature neutrophils increased 246 

476 

Toxic neutrophils 232 483 
Total and differential white cell count 
\anable 238 *43 *44 475 47 6 
Urobiti nogenu na 137 196 357, 379 
!i Diazo test in urine positive 358 
1 eukemoid blood picture 264 476 
Widal negative 239 512 
C Pleural or ascitic fluid exudate 2S4 
5** 

Meningitis tuberculous q v 310 
D Sputum examination for tubercle 
bacilli usual!) negative 2S3 515 
Tuhremta See also unduhnt fever sporo 
tnchosis 

\ Serum aitlutinalien test for fi tula 
rente 259 5IX 
I ever q v 

0 Cumea pig inoculation 258 507 
D 8 fn]n cross agglutinates II abortus 
*59 51* 

Total and differential white cell count 
normal or neutrophilia 228 238 

475 4-6 

Typhoid fever 135 al*o tubcreul ms 
miliar) undulant fever tncl iniasis 
etc 

A Simfrtrut prrta 244 475 

Immature nculropl i!s increased 246 

476 

Frees cdture for II tvp'iosus 239 309 
II 71 W eu'ltre t lit efrfl tjfk l. f 
*59 509 

1> aro reaction In urire (sovjtive 358 
Neutrophil a 2)* 4"s 4-6 

c Hi-'j / 11 *19. 599 

Ti t e eeatn^ 1 ** ij» 48) 

It 'utiratjon f t ft ••-rlus negstivr 
*12 599 

1ft r » ir 'r* loerexvd 133 4t0 


Typhoid fever — ( Corttnued) 

Diarrhea q v 

Anemia qv 206 2ti 214 
Feces for blood 143 147 443 445 
Unne and feces culture for B typho- 
sus on Endo s medium 259 509 
Typhus fever 

A Simple leukoc) tosis 237 475 

Immture neutrophils increased 246 

476 

Weil Felix agglutination test 259 512 
B Blood culture negative 258 509 
Smear for malana parasites negative 
*97 484 

C Hematuna 19 351 

Coagulation time bleeding time clot 
retraction platelet count capillary 
resistance test 269-271 503-505 
D Lymphocytes increased in cerebro 
spinal fluid 297 29S 517 518 
Tyrosinosis 37 

A Unne reduces Benedict s solution 57 
345 

Ulcer 8 e e peptic 

Unclntnasls 133 also ankylostomta 
$1$ 

\ \ecol r ameneantts era in feces 133 
456 Plate VIII 

Anemia of chronic hemorrlate qv 
2M 212 

Eosinophiba 240 476 
Blood in feces 143 147 443 445 
C Cachexia q v 

Unduhnt fever also typhoid fever 
tularemia 

\ 8 jm plc leukopenia 244 475 

Blood culture on hver agar positive 
*5* 509 

C Serum mates fl a'orlus 239 

5»* 

W 1 hi negative 259 512 
I) ‘^emmcrossaggljtinatesl tuhrensis 
*59 51 * 

Uremia eclamptic *<.<. Cerebral edema 
Lrem a pseu lo- 32 308 •»« brain p fnof 
rhage enctpl ahmahcn etc 
Uremia 33 3C 3? 300 *Ve alto nephritis 
I’e so 1 -! g arvn c rtmin pyels 
rej l nils In *r rej l r , s.i hyperten 
sive car ! ovaseuhr iisease etc 
\ l i u n n r n over f*j t-g jr 
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Uremia— (Continued) 

Blood creatinine increased, 37, 387 
Alkali reserve, 77, 396 
Cerebrospinal fluid examination, 291- 
30 J »5i7 

Urinalysis, *4, 338 

B Ccrebrosptnal fluid urea nitrogen 
creatinine mercury combining 
power, and alkali rcsene, 301 302 

C Anuna, q v , 37 
Pericarditis, q v 
Colitis q v , »ss 
D Hyperglycemia, 6 1 , 390 
Simple leukocytosis 237,475 
Non protein nitrogen and undeter 
mined nitrogen high 35, 386 
Blood unc acid high, 41 388 
Blood phosphates increased, 39 110 
409 

Ureters stricture of 49 See hydronephro 
sis pyelitis pyelonephritis, pyonephrosis 
Urethra stricture of, 49 See hydro- 
nephrosis c\stitis pyelonephritis, ure 
thntis 

Urethritis, 49 See also gonorrhea, prosta 
titis 

A Smear 258 507 

Three glass test 19 351 
Serologic tests for syphilis, 259 512 
Pyuna 23,349 

Urine reaction and pH 80 341 
Sulfanilamide level in urine 261, 379 
B Culture, 258 509 
C Hematuria 19 351 
Albuminuria 14 342 
Prostatitis q v 
Seminal vesiculitis q v 
Salpingitis q v 
Urethra stricture of q v 
D Complement fixation test for gonor 
rhea 259 512 
Urticaria 
A Allergy q v 

Uterus carcinoma of See also metror 
rhagia 

A Anemia of chronic hemorrhage q v 
206 211 
B Biopsy 

C Pyelonephritis q v 50 
Carcinomatosis q v 

D Aschheim Zondek test occasionally 
positive 315 525 


Uterus, myofibromata of See also menor 
rhagia, metrorrhagia 
C A nemta of chronic hemorrhage q v 
206 211 

Vaccinia See also chickenpox, smallpox 
C Encephalitis q v , 312 

Volvulus, xss See also intussusception 
A Blood in frees, 145, 443 

Intestinal obstruction and vomiting, 
qv,i 55 

Vomiting See also pernicious vomiting, 
\omitmg cycle intestinal obstruction 
pylonc stenosis etc 
A Ketosis 73 344 

Daily 24 hour tirtne volume and specific 
gra-ity 26 338 
Alkali reserve tanable 77, 396 
Blood chlorides love 132 395 
Blood urea nitrogen 32 381 
Examination of vomitus, 130 434 
B Aschheim Zondek test 315 525 
C Oliguria 27,338 

Acidosis or alkalosis, q v 73-91 
Blood creatinine, 37 387 
Erythrocytosis 226 462,471 
Hematemesis 126 436 
D Blood unc acid and non protein 
nitrogen increased 3s 4*» 3 8 ®» 
388 

Phenolsulphonphthalem excretion ae 
creased 31 362 

Blood volume decreased 223 4*3 
Plasma proteins increased 39 4°S 
Cerebrospinal fluid pressure and 
volume decreased, 294 
Negative nitrogen balance 80, 367 
Blood sugar 6r, 390 
Vomiting, cyclic 85 
A Hypoglycemia 61 39° 

Peptic ulcer q v , 155 
Other laboratory tests and findings 
same as those in vomiting q v 
Von Jakschs anemia 221 See erythro 
leukoblastosis rickets syphils congen 
ital anemia Cooley’s 

Weil s disease 138 See spirochetal 
jaundice 
Whooping cough 
A Lymphocytosis 242 475, 476 
C Brain hemorrhage q v 
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Whooping cough— {ConUnurd) 

1 ) I.) raphocj les incrta ed in ccrebro 
spinal fluid 397 398, 517, 518 
\\ ool sorter a disease See anthrax 

Xanthomatosis zi8 

\ Anemia m> elophthuic q v 205 3 1 , 
Diabetes insipidus q v 39 338 
R Eternal marrow foam cells In 199 499 
D Cholesterol in tissues increased 43 
408 

\ aws 

A Treponema pertenue or pallidum (?) 
found on dark field examination 
33 * 496 5*>9 


1 an s — (Con! t >1 u td) 

Serologic tests for syphilis positive 
259 512 

C Anemia normoc>tic qv 212 
\ellow fever 15S 

\ Hemoglobinuria 33 51 216 
\nrroia herooJvUr q v 214 
Choluna 137 357 
Fever q v 

Lttrr datraie irrrc q v , 158 
1 omtUnt q v 

Simple leukopenia 44 473 
C Anuna q v 27 

Toxic neut rophils 253 483 




NOTE TO THE INSTRUCTOR 


There ire no substitutes for the origmalit} of presentation and the 
contagious enthusiasm of the teacher who loves his subject and lo\cs his 
students Nevertheless, since the division of the subject into two parts 
as m this book is a little unusual, a brief outline of m> teaching technic 
ma> contain m it suggest ions which will prove of value, and the appended 
schedule of assignments should simplify a correlation of the two 
parts A rigid adherence to this schedule is not mv desire The 
order given is that which has proved most suitable in our institution 
where the course is given in the Spring term and the light for micro 
scopic work is better toward the end of the season A different order, 
putting the microscopic work first, might prov l more suitable m schools 
where the course is given in the Tall term In order to increase flexi 
bililv of arrangement, each chapter has been made faufy complete in 
itself even at the expense of some repetition which, however, isprobabfy 
not without pedagogic value Therefore, an> order is possible To 
increase ficxibihtv of adaptation to the varied lengths of time devoted 
to this subject in different schools, less important points and more 
difficult or mfnqucntlv used methods have been put in fine print, and 
in the shorter courses such matter can be merefy read or omitted entire!} 
at the discretion of the instructor 

I devote the lecture time Iargclv to quizzing over the assigned 
work, trv mg to phrase all questions in such a wav that thev will involve 
thinking, and emphasizing the practical clinical applications of the data 
bv use of actual ca«cs wherever possible Tor example, I would 
outline the main points in the historv of a ease which is sufficientlv 
clear cut to make it obvious to a sophomore student that it would belong 
m the group of conditions formcrlv included under the term Ilnght’s 
disease and would ask that student to state what laborator} tests he 
would do or order As each is mentioned I would give him the result 
of the test in the particular ca«c and thus lead him cventuallv to arrive 
at the cornet diagnosis R\ requiring another student to state how 
he would perform the tist the errors in diagnosis which might result 
from errors in technic can be emphasized 11 \ ‘electing a few cases 
which arc likclv to come to post mortem and keeping the class in touch 
with the lal>oratorv studv of the^c eases, the value and limitations of 
laboratorv studv can lie eonclusivch demonstrate!! This method of 
teaching is applicable to almost even <o of the subject Care is 
ns* ^ 



57 6 note to the instructor 

taken to spend most of the time on the more important points, to see 
that the correct answer to the question is ultimately so clearly stated 
that all ought surcl> to understand it, and to stress constantly the 
importance of thinking from the basic chemistry, physiology, and 
pathology of the disease to the laboratory changes and from these to the 
diagnosis The resumC at the beginning of each chapter was planned 
to aid the student in this t\pc of thinking and for the same reason 
more clinical medicine is included than is usual in texts on laboraton 
diagnosis I believe no other subject better adapts itself to thus 
closing the gap between the fundamental sciences and clinical medicine 

The importance of adherence to the general principles outlined in 
Chapter I is illustrated at every opportunity , as are the various errors 
that may result from neglect of these principles Any points that 
obviously hive not been grasped from the study of the text are 
explained, and arc quizzed over in subsequent sessions New matter 
that has appeared since the last revision of the text and points of view 
differing from those expressed in the text mav profitably be presented 
in lecture form as the corresponding subject is taken up Toward 
the last of the course students are asked to hunt up a new method 
for some particular procedure and present it to the class Then m 
seminar style the class is asked to point out advantages and disadvan 
tages of the method In a similar manner, articles on interpretation 
arc discussed with the object of training the student in finding and 
critically evaluating new work in this subject Definite effort is made 
to sec that the students realize that they have only commenced the 
study of this subject and that its full value can only be appreciated 
after much experience in using it in the clinical years While few 
instructors have the advantage possessed by the author of teaching 
physical diagnosis and differential diagnosis to the same students as 
Juniors and Seniors, arrangement with the clinical instructors can 
usually be made to secure cooperation in keeping awake the student s 
interest in the laboratory phase of medicine and in seeing that he 
keeps the laboratory examination in its proper place, 1 e , subordinate 
and supplementary to the history and phy sical examination I 
have found the Index by Diseases of great value in maintaining this 
interest, as well as an aid in reviewing the subject from a new angle at 
the end of the term 

In the laboratory, the student is introduced to each method by 
work on knowns until he has had opportunity thoroughly to satisfy 
himself of the proper outcome and has formed some opinion of the 
errors which may result from insufficient practice He is then given 
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unknowns and graded on the proficiency displayed m the technic, the 
evidences of honesty in reporting the results, and the closeness with 
which he approaches the accuracy obtainable with the method used 
The more difficult methods are demonstrated, but since the directions 
ha\e been made extremely explicit and the assignments are intended 
to be studied before aiming to class I feel that m most instances the 
student’s time can be spent to better advantage in controlled practice 
as above outlined The instructors in the laboratory seek to encourage 
the students to look upon them as friendly consultants to be called 
upon for suggestions when repeated trials still give erroneous results 
Every opportunity is taken to stress the fact that if the results are to 
be clinically usable the method selected must not only be reliable, but 
it must also be performed with care, with controls on its accuracy 
and by someone who has had adequate practice This is only possible 
when the correct result on all material used for class studv is known 
to the instructor More time is devoted to quantitative urine chem 
istry than its clinical importance justifies because the methods are so 
similar to the more important blood methods that facility acquired 
m the procedures for one is transferable to the other, and material 
sufficient for large classes is more easily secured The laboratory 
periods should come on two or more successive days in the week in 
order to allow for completion of the longer methods and to prevent 
waste of material The most satisfactory w ay of training students in 
the identification of casts, ova, abnormal red and white cells, etc is to 
furnish the students with suitable material and to require each student 
to find and demonstrate a certain number of each type to the instructors 
before credit is given on this phase of the work 

For convenience detailed directions are gi\en at the end of each 
method for the preparation of the more complex reagents and all are 
indexed under the term “Reagents” m the index Reagents for which 
the preparation is obvious or for which directions have been given in 
other methods are italicized in the description of the technic All 
reagents and standards mentioned in Part Two can be purchased from 
the Shaw Surgical Co , Portland, Oregon 

Before substituting other methods for those here indicated as 
preferred, which may sometimes prove desirable, I ask onlj one thing 
that is, that the two methods actually be tried out first in direct com 
panson with each other (and preferably with a research method, too) 
on know n material under conditions of clinical use This is the manner 
in which these methods have been chosen and it seems but just that the> 
be discarded onl> on evidence of equal weight 
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Schedule or Assignments* 


Day 

Tor quiz period 

I or laboratory period 


Part One 

Part Two 

Start ts bach test, 359(1) Check lockers 

1 


3*7-344(8) 

359(n)-3 6 °(*) 

5>9 

- Calibrate apparatus 3J7-33o(E) 
Prepare standard solutions 336 337 
Rev tew protein tests onknowns 342(7)- 
344(8) 

a 

■ 

349(i*)-3S<S(>9) 

357(«)-359(B) 

Read Esbach test and do new modifies 
tion 359(1) Finish standard solutions 
336 Estimate ammonia nitrogen and 
total nitrogen in known 24 hour unne 
3®3( 6 )~ 367(8) Study known urmesedi 
m cnts, 349(125-356(19) 

3 


36o(j)-37i(q) 

Read phcnolsulphonphthalein tests 362(5) 
Do urea nitrogen on known 24 hour 
urine 365(7) Complete study of known 
sediments 349(42)— 356(19) Start col 
lection of dilution and concentration 
fractions 361(4) 

4 

3>(F)-43(V) 

37*(9)'37*(”) 

j8i-jS^(D) 

Determine volume and specific gravity 
338-34*(7). on dilution and concentra 
lion fractions Qualitative protein 
342(75-344(8) and sediment unknowns 
349(225-356(19) 

S 

43(V)-54 
Review Chapters 

I and 11 

385(D)-3 oo( 4) 

4I4(B)"4I4(G) 

Do urea clearance test 381-385(0) 
Prepare Folm filtrate from 12 cc of 
blood 38 a (D)-386( ) Add toluol to 
filtrate and save 

6 

5 p-MVIJ) 

344(8)-349 (i*> 

405(4)— 4°8 (s) 

Do blood creatinine on filtrate 387(2) 
and non protein nitrogen 386(E)~387(2) 
on blood filtrate Review qualitative 
sugar and ketosis tests on know n unnes 
344(8)-349(2 2) 

7 

6 9 (VII)-77(K) 

372 (ii)- 378 (i*) 

39 o( 4)~394 (s) 

Do blood urea nitrogen on unknown 381 

Do plasma protein 4 °j( 4) 529 

8 

77PO-93 

394(5)-403(*) 

378(i3)-3/9(i5) 

Do qualitative and quantitative sugar 
estimations on knowns and unknowns 
344(8)-349(i2) 372(n)-378(i2) 

9 

04-ioy (HI) 

J 

4 3-433 

3o alkali reserve 396(F) and blood 
sugar 385(D) 390(4) onknowns 


* All figures and letter* in parentheses refer to paragraphs All other figures refer to pages. 
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Schedule or Assignments * — (Continued) 


Day 

For quiz period 

For laboratory period 

IO 

i07(III)-ii7 
Review Chapters 
III and IV 

4°3 ( j )” 405 ( 4 ) 
4 o 8 (s)- 4 io( 6 ) 

Prepare filtrates from blood for blood 
sugar estimation 386(2) Add toluol 
and save Do blood sugar estimations 
on filtrate 390(4) Do blood calcium 
and phosphate determinations 403(2)- 
405(4) 

" 

ii8-!33(III) 

434-442 

Begin basal metabolic rate determinations 
by groups 423-433 and continue daily 
until all groups have finished Do urea 
nitrogen on blood unknown 381 Do 
an alkali reserve 396(F) and blood 
chloride 39s (7) on unknowns Do gas 
trie analyses on knowns 434-441 

12 ' 

i 33 (III)-i 4 S(IV) 

3 S 6 (i 9 )“ 3 S 7 ( 2 i) 

378 (i 2 )- 378 (i 3 ) 

4 io( 6 )- 4 i 3 ( 8 ) 

Test qualitative and quantitative stomach 
contents unknowns 334~342 Do bile 
pigment bile salt and urobilinogen tests 
on own urine and knowns 356(19)- 
357(21) Demonstration of Boas Oppler 
bacilli and sarcinae 

13 

i4S(IV)-i6o 

379(i6)-38o 
443-44 7 (E) 
Review Sections 

I II III 

Do icterus index estimation 410(6) 
Demonstrate Van den Bergh test 412(b) 
One stomach contents unknown Two 
urine unknowns One blood unknown 
for urea nitrogen and dextrose 

>4 

Review Chapters 

I II III IV and V 

447 (E )-457 
Review Sections 
IV-VIII 

Examine known feces samples 443-457 
Examine qualitative and quantitative 
stomach contents unknowns Study 
and draw parasites and ova 

«S 

W ntten exammati 
to I 

on over all covered 
late 

Do qualitative and quantitative urine 
unknowns 338-380 and alkali reserve 
unknown 396(F) 

16 

17 

161-177(2) 

458-462(5) 

47 i( 6 )- 476 ( 8 ) 

Practice red and white cell counts 471(6) 
Continue study of intestinal parasites 
and ova Practice making and staining 
of blood smears 476(8) 

I «77(2)-i8S(V) 

462(5)— 471(6) 

Continue red and white cell counts on 
knowns and own blood Make smears 
and hemoglobin estimations on known 
bloods 462(5) Continue study of m 
j testinal parasites 


AH figure* and letter* in p rer-thcM* refer to paragraph*. All ether figure* refer to page* 
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4S4(9)'487(n) 

49 s (7)-5°i(«0) 


Schedule op Assignments *— (Continued) 


Tor quiz period j For laboratory period 


Continue work as above Turn m report 
of routine hematologic examination of 
own blood including color index 488(a) 


Demonstrate cell volume determination 
Routine hematologic examination in 
eluding calculation of color volume and 
saturation indexes on unknown bloods 
487(R)-49o(3) 

Study demonstrations of normal and 
abnormal red cells Do volume index 
color index and saturation index 487(B)- 
495(3) by groups on unknown bloods 
Begin study of anemia slides Do reti 
culocyte stain and count, 496(3) 


Continue study of unknown anemia slides, 
demonstrating each type of abnormal 
red cell to instructor Do eriometer 
method of red cell diameter 49 j( 4) 
Demonstration of sternal puncture 
499(B) 


Demonstrate red cell fragility test 498(7) 
Finish study of anemia slides and exam 
me sternal marrow slides Find and 
demonstrate malaria parasites in un 
known slides after study of knowns 


Study demonstrations of normal white 
cells Find and demonstrate to in 
structor each type on smears prepared 
Do differential count on own blood 
and total and differential white count 
on unknowns Start differential count 
ing on slides illustrating neutrophilia 
eosinophiba lymphocytosis infectious 
mononucleosis, toxic neutrophils etc 
which are giv en out as unknowns This 
worx is to be completed by end of 
period 25 

Study demonstrations of each type of 
white cells Find and demonstrate tom 
structor each type of white cell m 
leukemia slides given out By end of 
period 28 report differential counts on 
each of these unknown slides Do sedi 
mentation rates 501(10) 
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Schedule op Assignments * — (Conltnued) 


Day 

For quiz period 

For laboratory period 


568-279 

Review Chapters 
VII and VIII 
Plate VII with 
legend 

4i8(5)-42o(6) 
501(10)— 506 
5io(B)-si2 

Do peroxidase stain 495(3) Continue 
work on unknown leukemia slides 
Demonstrations of Paul and Bunnell 
test 512(4) moist cover slip prepa 
ration of sickle cell anemia and supra 
vital preparation 497(6) Do blood 
typing 5io(B)-5i2(2) Do sulfanila 
mide or sulfapyridine determination 
4i7(4) 

26 

980-289 

Review Chapters 
VII and VIII 

513-516 

Do bleeding and clottmg times clot re 
traction platelet count capillary re 
sistance and prothrombin time 503(11)- 
506 Do quantitative vitamin C deter 
mination 418(3) 




Examine sputum specimens 513-516 and 
ascitic or pleural fluid 522(B)~523 
Review bactenologic methods 507- 
Sto(B) 

28 

302{II)-3i3 

4i4(G)-4i7(4) 
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Abortion incomplete 323 
Abscess, amebic icterus index in, 14 1 
in brain 151 
in liver 151 
in lung 151 
sputum in 281 
brain spinal fluid in 29? 311 
increase of intracranial pressure m 
294 

meningitis from 310 
xanthochromia in 296 
cholangitic icterus index m 141 
leukocytosis m 239 

liver differentiation from malaria of 243 
urobihnogenuna in 139 
lung sputum in 281 282 283 
proteosuna in 18 
pyemic icterus index in 141 
pylephlebitic icterus index in 141 
rupture of pyuna in 24 
sedimentation rate in 257 
typhoid leukocytosis in 239 
\bsorption effect on basal metabolism of 
100 

faulty dextrose tolerance curves after 68 
\cctamlid cause of methemoglobinuria 23 
Acetoacctic acid and conservation of base 
76 

formation of 70 
formula of 70 

in unne alkali reserve estimation in 8a 
in diabetes mellitus alkali reserve 
estimation in 82 

in pernicious vomiting of pregnancy 
320 

metabolism of 70-73 
mode ol production of 70-73 
tests for 73 344 
\cetone formation of 70 
formula of ,o 

in unne pernicious vomiting of preg 
nancy 320 
in pregnancy jiS 
test for 73 344 
test for fn ketosis 73 


Acetonuna tests for 344 
Achlorhydria 126-127 
causes of 126 227 
diarrhea from 127 
histamine test for 123 130 435 
in adults without symptoms 124 
in gastnc carcinoma 126, 155 
in idiopathic hypochromic anemia, 127 
2(2 

non protein nitrogen of stomach contents 
in 131 
test for, 437 

urea nitrogen of stomach contents in 131 
Achondroplasia creatmuna in 315 
Achromia 193 Plate I 
Achylia 126 
diarrhea from 127 
in chronic atrophic gastritis 127 
»n diagnosis of anemia 187 
in pernicious anemia 126 208 
volume of stomach contents in 125 
\cid producing substances foods contain 
mg 7$ 

Acid hematin hemoglobin methods 462-471 
Acid base equilibrium 73-91 
and carbonic anbydrase 74 
and hemoglobin carbamate 74 75 
maintenance of 73 
mechanism of 73 
summary of states of 87 
\cidily total in stomach contents 128 439 
lotal titratablc of unne estimation of 
80 379 

Acidosis 73-91 

alkali reserve estimation in 77-79 
alkalosis caused by uncontrolled alkali 
treatment of 85 

ammonia nitrogen of urine in 80 
and excretion of carbon dioxide by lungs 
76 78 79 

and release of dextrose 56 
carbon dioxide tension in 82 
causes of 82 86 
coma from 308 309 
compensated 87-90 
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Acido is, definition of, 77 
detection of 77*82 
diabetic 82, 83, 308 
detected by tests of spinal fluid, 302, 
3°S. 5« 

from asphyiaa, 84, 89 

from deficient aeration of blood in lungs 

83 

from diarrhea, 84 
(tom diuretics 84 
from impaired renal function, 52 
from injection or ingestion of acid or 
acid forming substances 84 
from mandclic acid 80 
from nausea or vomiting 84 
from pneumonia 84 , 

from severe burns of skin 84 
in coma 308, 309 
in cyclic vomiting of children 8 3 
in nephritis 38, 83, 309 
in pancreatic fistula, 132 
lactic acid in 8a 
leukocytosis from, 23, 
pH of blood in 80 
reaction of unne in 80 82 
relation to ketosis 72 
role of acid production oxidation and 
elimination in 84 
sodium citrate therapy of 85 
therapy of 84 85 86 
total acidity of urine id, 80 
total nitrogen in unne m 80, 81 
treatment of coma from, 92 
types m which alkali reserve is not indi 
cated 79 

uncompensated 87-90 
with low blood chloride 132 
Acids excretion of 76 
ingestion of acidosis from 84 
to be neutralized by buffers 74 
Acne serum calcium in 109 
Acromegaly, 114 
basal metabolism in 105 
dextrose tolerance test in 66 
glycosuna in 60 
hyperglycemia iti 62 
Addis sediment count method 353 
normal values for, 25 
urea index 43 
Addison’s disease 115 
amyloidosis in 115 
basal metabolism in 106 115 


Addison’s disease blood chloride in 132 
creatinine in, 34 37 
urea clearance in 34 36 
urea nitrogen m 32,34 
cause of, 115 
congo red test in, its 
dextrose tolerance test m 66, 67 
diarrhea in 115 
cosmophiha m, 242 
hypoglycemia in 63 
normocyuc anemia from, 219 
obgunam 28 

phenolsulphonphthalein test in 31 34 
sedimentation rate in 1x5 
serum potassium in 132 
serum sodium in 132 
vomiting in 115 

Adenine sulphate increase of white cells b> 
228 

Adenomatous goiter See goiter 
Adrenal cortical tumors 114 1x5 
Adrenal hypofunction See Addisons 
disease 

Adrenalin See epmephnn 
effects on carbohydrate metabolism of 56 
leukocytosis from 236 
Adrenotropic hormone of anterior pituitary 
97 

Age, classification of nephritis according to 
45 

variations in hematologic findings with 

171-184, 228-234 

Aged dextrose tolerance in 6$ 
Agglutination tests 259 
Agglutinogens in blood inheritance of 277“ 

279 

Agranulocytosis 245 
bone marrow in, 201 
causes of 24s 

differentiated from aplastic anemia 246 
granulopenia in 245 
leukopenia in 199 245 
simulating leukemia 246 265 
Akaryocytes 162 See also red cells 
Albumin in, cerebrospinal fluid 29X 
in plasma 39-41 
estimation of 405 
in unne 14-18 

Albumin globulin ratio in plasma 39-41 
reversed 41 

Albuminuria 14-18 342*344 
and low reserve kidney 322 
as indication for laboratory tests 53 
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Albuminuria causes of 14-18 
cyclic 16 
febrile 15 
functional 16 
in anhydremia, 50 
in coma 303 
in eclampsia, 1 6 50 

in pernicious vomiting of pregnancy 320 
in poisoning 17 51 
in pregnancy , causes of 16 318 
in renal disease I4 - I7» 4S~53 
in simple purpura 274 
orthostatic (lordotic or postural) 16 
test for 16 
physiologic 16 

Alcohol absorption from stomach of 119 
m blood 303 307 
determination of 420 
in cerebrospinal fluid 303 307 
meal 123 131 
technic of 436 
poisoning coma from 307 
test for 305 4?o 

Alcoholism 303 307 
cerebrospinal fluid pressure m 293 
fat droplets in urine in 24 
increased mucus in gastric contents in 

Aleppo boil 199 

Alkali excretion by kidney of 76 
intake and alkali reserve 38 75 86 
reserve 38 73-91 396-403 
and alkali intake 38 73 86 
and blood urea nitrogen 38 78 83 86 
buffers constituting 74 
figure definition of 78 
normals for 78 
gasometnc method 398 
in anhydremia 30 
in cerebrospinal fluid 302 321 
in coma 305. 3 08 3<>9 
in cyclic vomiting of children 85 
in detection of acidosis and alkalosis 
73-91 

in eclampsia, 321 

in impaired kidney function 38, 78 
83 86 

in mercury poisoning 38 83 
in peptic ulcer 78, 84 86, 155 
in pernicious vomiting of pregnancy 
77 84 86,3*® 
in pregnancy 7 <i 3<5 
in vomiting 77 8 4, 86 320 
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Alkali reserve indications for 53 73, 77, 

78 , 305 

influence of gastnc hydrochloric acid 
secretion on, 119 
interpretation of, 78, 79, 82-91 
titration method for, 396 
value in use of diuretics 84 
values in acidosis 79 
m alkalosis 79 

tolerance test of Sellards 81 378 
Alkalies to be neutralized by buffers 75 
Alkaline tide, 119 

of urine during digestion, 80 
Alkalosis alkali reserve estimation in 
38 77,78 86 

and excretion of carbon dioxide by lungs 
76 87 

and severe vomiting 86 
blood calcium in 107 
chlorides in 13 2 
causes of 86, 87 
coma from 309 
compensated 87-91 
definition of 77 
detection of 77-82 

from excessive loss of hydrochloric acid 

86 87 

from impaired renal function 52 
from increased intake of alkali 86 
from loss of acid or chloride laboratory 
findings in 50 87 
therapy of 87 

from loss of carbonic acid through lungs 

87 

from sulfanilamide 86 
m high intestinal obstruction 86 87 132 
pH of blood in 80 
reaction of unne in 80 
tetany from 87 109 
total acidity of urine in 80 
types in which alkali reserve is not indi 
cated 70 

uncompensated 87-91 
Alkaptonuria 57 340 349 
Allergy and purpura hemorrhagica 274 
eosinophilia in 240 
favism caused by 22 
hypogly cemia in 64 
in simple purpura 274 
sedimentation rate id 257 
unnary proteose in 18 
Altitude effect on carbonic acid of plasma 
87 
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Altitude effect on hemoglobin of, 185 
effect on red cell count of 185 
effect on red cell volume of 185 
high alkalosis from, 87 
hyperpnea from, 90 
interpretation of alkali reserve esti 
mation in, 79 

Amebae, collection of specimens for, 151, 
447 

cystic stages, differential diagnosis of 
449 45o 

examination for, 447-451 
in feces with diarrhea, 150, 151 
iodine eosin stain for, 448 
iron hematoxylin stain for 450 
vegetative stages differential diagnosis 
of, 448, 449 

Amebiasis 15&-153, 447-451 
complement fixation test for 152 
hypochromic microcytic anemia in 21 1 
214 

Amebic abscess See abscess amebic 
leukoc> tosis from 237 
colitis eosinophiha in 156 240 
dysentery diagnosis of 150-151 
feces in 148 

in ulceration of intestine 155, 156 
symptoms of 151 

ulceration in colon in chronic infectious 
arthritis 150 

Amino acid content of blood in liver 
disease 134 

of cerebrospinal fluid 29 r 

of plasma 109 

of untie in liver disease 134 

Amino acids antiketogenic 55 
formation of gl> cogen from 55 
ketogemc 71 

specific dynamic action of 94 
yielding acetoacetic acid 7 1 

Aminopynne cause of agranulocytic 
angina 245 

effect on blood formation of 228 
glycuromc acid excretion from 58 

Amitosis 250 

Ammonia formation from urea of 12 77 
in unne removal by permutit of 367 
nitrogen in unne 80, 363 

Ammonium chloride administration of 
alkali reserve estimation in 78 
overdosage of acidosis in 84 
magnesium phosphate crystals in unne 
353 


Ammonium chloride nitrate admuustra 
tion of, alkali reserve es imation in 78 

84 

urate crystals in unne 2s 353 
Amnesia, from hypoglycemia 63 
Ampulla of Vater, obstruction of 136, 158 
Amylase, concentration in diseases of pan 
creas 132, 442 

Amyloidosis, causes of 42, 51 
congo red test for, 42, 414 
decreased total scrum or plasma protein 
in, 41 

in Addison’s disease 1x5 
of kidney, 51 

Amylopsin in duodenal contents 133 442 
Anaphylactic shock acidosis in, 8 3 
Androgenic hormones 97 
Anemia 186-223 
abnormal red cells in 188-194 
acidosis in, 83 

and antipemicious anemia principle 170 
203 

and carcinoma of cecum 211, 220 
of stomach 211, 220 
and hemogtobinemia 216 
and lactic acid metabolism 76 
and nicotinic acid 204 
and riboflavin, 204 

and subacute bacterial endocarditis 213 
and vitamin Ej 204 
and vitamin B« 204 
and vitamin K 204 
aplastic 204 , 220 
bone marrow in 201 
causes of 204 220 
diagnosis of 204 220 
differentiated from agranuloc} tosis 
201 246 

from aleukemic leukemia 201 221, 
265 

from leukemia 265 
from lymphocytic leukemia 221 
from overdosage of radium 204 221 
from overdosage of roentgen rays 204 
220 

granulopenia in 245 
hematuria in 21 
icterus index in 142 205 220 
in benzol poisoning 204 220 
leukopenia in 245 
platelet count in 220 272 274 
red cell diameter in 190 
reticulocytes absent in 196 204 220 
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Anemia aplastic symptomatic purpura 
hemorrhagica in 27 3 274 
lymptomsof 220 
therapy in, 20 5 231 
urine in 220 

as indication for laboratory tests 53 187 
basophilia In 242 
basophilic stippling in 192 
blood chloride in 38 
typing in 176 
solumein 224 
Cabot • rings in 193 
causes of 202-223 
chlorotic 203, 2to, an 
classification o( 188, 303-307 
congenital 323 

Cooleys macrocytic anemia in 309 222 
deficiency In pregnane) 323 
definition of 186 
examination of feces in 146 
for parasites in 150 

familial 215 221 222 Sec Cooley s 

anemia cry throlcukobhslosnand hem 
ol) tic icterus 
fragility test in 197 
from congenital syphilis 222 
from deficiency of antipernicious anemia 
principle 303 207-310 
from esophageal stenosis 212 
from external hemorrhage 206 2tt 
from food fid* 212 

from gnat » milk macrocytic anemia in 
209 2 23 

from hemoglobinuria 21(1 
from hemolysi* test for 305 214 J, 7 
from infection* 212-214 
from internal hemorrhage 205 224 
irom intestinal parasite* 150 214 
from loss of Mood 206 2 1 1, 214 
from malignant tumors 220 
from milk diet 213 
from poltnn* 214 
from sutfanilami le 314 
from sutiapyri lire 214 
from t tains 214 
fr m Tmhuris Irwhiura 154 
foals milk 2 23 
rraeroej tic anemia in 2*0 223 
I emogl )t in m |V |g, 

1 eirilitic 214 >>7 

fragi' fa trst in 19 
f r rvtg'nt teuria in 22 
jtlir.be in >41 159 


Anemia Howell Jolly bodies in 193 
hypochromic idiopathic, 210-212 
achlorhydria in 127 312 
blood indexes in 18S, 210 
cause of 127 312 
iron deficiency in 203, 210-222 
symptoms of 127,212 
hypochromic microcytic 203, 310-212 
See also anemia iron deficiency 
definition of iR8 310 
differentiated from pernicious anemia 


from hookworm 153, 214 
hemoglobin in 2 10 
in Ban ti t disease 218 
in children 223 

in chronic hemorrhage 206 311 
in infants 323 
platelets In 310 
red cells in 188 210 
sterna! marrow In 201 211 
therapy of 21 I 
urobilinogen excretion in 21 1 
white cells in 210 
icterus index in 141 142 187 
in Hanti s di*ea«e 157 318 
in biliary tract inflammation, 156 213 
in cirrhosis of I11 er 157 318 
in cretinism 113 219 
in fasism 32 

in increased destruction of ted tel 1 ^ 
214 >17 

in leukemias 305 217, 362 267 
in myxedema 113 219 
in nephritis 38 45 SIJ 313 
in peptic ulcer 1 55 
in ulceration of intestine 1 a *. a/ , 
iron deficiency 20J 210 31 1 
anemia hypochromic r 
achromia in 193 
blood in iexei in 188 2 si 
bonr marrow in 201 
liameter cl re 1 crlli 1 > 

in chr >nlc 1 emonhaj- , 
microcytods in t? j 
reticulocytes in t / 
tvpes of 203 210-71 
laltoratory lefts f re*.. 

1*8 " 


^•^ycute f 1 ^ , 


uru i 
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Anemia liver therapy of, 195 207 
eosmophiln following, 342 
macrocytic 188, 203 307-310 See also 
pernicious anemia 

caused by Diphyllobothnum latum 
153 

causes of 303, 207 209 
definition of, 188 207 
diameter of red cells in 190 
in Cooley’s anemia 209 322 
in erythroleukoblastosis 221 222 
in goat’s milk, anemia 209 223 
m infants, 209 222 323 
in leukemia 209 
in liter disease, 209 
in multiple myeloma 209 
in pellagra 209 
in sprue 209 
leukopenia from 245 
polylobocy tes in, 251 
reticulocy tes in 195 
modified Mosenthal test m 30 
myelophthisic 205, 217 
abnormal platelets in Plate VII 
causes of 203 217 
leukocytosis from, 237 
marrow in 201 
therapy in 217 

nonhemolytic differentiation from per 
nicious anemia 139 
normocytic 212-233 
causes of 212-223 
definition of 188 

differentiated from pernicious anemia 
210 

in acute blood loss 206 214 
in Banti s disease 157 217, 218 
in children 223 

in increased red cell destruction 205, 

214-217 

m Hodgkin s disease 2ig 
in infants 223 
m lymphosarcoma 219 
in malaria 198 2x4 216 
in sickle cell anemia 216 
in splenomegaly 217-219 
in worm infestation 152 214 
nucleated red cells in 193 201 

nutritional 212 

blood indexes in 18S 210 
iron deficiency in 203 210 212 
obscure indications for laboratory tests 
m 38 186 187 


Anemia, obscure, stomach contents exam 
ination indicated 121 127,187 
of chronic hemorrhage, 206, 210 211 
achromia in 293 
blood indexes in 188 210,211 
causes of 203 2 10-2 12 
m carcinoma 154 211, 220 
iron deficiency in 203 210-2 12 
of Diphyllobothnum latum infestation 
1 S 3 209 

of hemorrhage 206, 211, 214 
of obstruction of splenic veins 218 
of portal obstruction leukopenia in 218 
of pregnancy, 184 185 209 323 
prevention of 316, 319 
of prematunty 212 

of red cell destruction within the body 
20s 214-2x7 
of sprue 204 209 

pernicious 207-210 See pernicious 
anemia 

plasma volume in 224 
poikilocytosis in, 190 191 
red cell diameter in 190 
red cell v olume in 188 
red cells in, 188-196 201 
reticulocytes in 194-196 
sedimentation rate in 253-258 
severe albuminuria in 17 
basal metabolism in 106 
leukopenia in 245 
obguna m 28 

sickle cell 2x6 See sickle cell anemia 
sickle cells in 191, 192 
moist cover sbp preparations in 191 
reticulocy tes in 19s 216 
splenomegabc 217-219 

blood indexes m 18S 212 217 
from schistosomiasis 218 
in Gaucher s disease 218 
in Neimann Pick s disease 218 
leukopenia from 24s 
therapy of 203-223 
reticulocytes in 195 
types 188 203-223 
in carcinoma 220 
unc acid m 42 
son Jaksch 221 222 
Anemias classification of, x88 202-223 
determination of type of 186-188, 203 

223 

differential diagnosis of 203-223 
icterus index in 196 
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Anemias simulating pernicious anemia 209 
210 

Anesthesia acidosis from 84 90 
albuminuria from 17 
chloroform and ether ketosis from 73 
deep with increase of carbon dioxide in 
blood 79 

glycosuria from S9 

Aneurysm, aortic blood m stomach con 
tents from 129 
sputum in 282 

stomach pumping contra indicated in 
121 

dissecting icterus index m 142 

in hypertensive cardiovascular disease 

142 

leukocytosis from 237 
of cerebral arteries blood m spinal fluid 
from 311 

Angina agranulocytic 245 See agranu 
locytosis 

Angina Vincent’s 245 See Vincent s 
angina 

Angioneurotic edema eosinophilia in 240 
Anbydremia 50 
^fleeting plasma proteins 40 
alkab reserve in 83 84 
and lactic acid metabohsm 76 
and severe vomiting 84 86 
blood creatinine in 37 50 
urea clearance in 36 
urea nitrogen in 34 
volume in 225 
cause of acidosis 83 84 
decreased intracranial pressure in 293 
impaired renal function in 34 
in intestinal obstruction 155 
phenolsulphonpbthalein test in 32 34 
plasma volume in 2 25 
polycythemia simulated by 225 
\mline acetate test for pentose technic of 
348 

derivatives cause of methemoglobinuna 
*3 

dye poisoning erythrocytosis in 227 
methemoglobinemia in 23 
Animal inoculation indications for 258 
Amsocytosis 189 190 
in anemias 203-223 

Ankylostomaduodenale m feces r53 456 
Anorexia nervosa 107 
Anoxemia eflect on spleen of 168 
erythrocytosis in 226 


Anoxemia stimulation of erythropoiesisby 
169 185 

Anterior pituitary hormones effects of on 
carbohy drate metabolism 56 
Anterior poliomyelitis See poliomyelitis 
anterior 

Antibodies Paul and Bunnell test for 260 

512 

Antipemicious anemia principle 169, 185 
203 207 

effect on red cells of 188 
indication for 188 203 207 
production of 169 
sources of 1 69 
Antiplatelet serum 269 
Anuna 27 

from hemoglobinuria 35 51 
from methemoglobinuna 35 51 
from sulphemoglobinuna 35 5 
in acute glomerular nephntis 28 
in eclampsia 28 321 
in poisoning s* 

Anus carcinoma of blood in feces from 147 
fissure of blood in feces from 147 
Anxiety effect on basal metabohsm of 100 
Aortic aneurysm see Aneurysm, aortic 
Apparatus calibration of 327, 328 
use of 327-335 

Appendicitis from Ascans lumbncoides 
>53 

hematuria from 21 
leukocytosis in 239 
sedimentation rate in 257 
Appetite secretion of gastric juice 1 20 
Arrhenoblastoma of ovary 114 115 
Arsenic effect on red cells of 185 
in urine test for 359 
poisoning 51 
albuminuria in 17 
anuna in 28 

blood creatinine in 34 37 
urea clearance in 34 36 
urea nitrogen in 32 34 
eosinophilia in, 241 
erythrocytosis in 227 
granulopenia in 24s 
hematuria in 20 
icterus index in 146 158 
liver damage from 158 
obguna in 28 

phenolsulphonphthalein test in 31 34 
Reinsch test for 359 
urobdinogenuna in 138 158 
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Arsine poisoning, hemoglobinuria in, 22 
Arsphenaminc, hepatitis from 158 
Artefacts, 351 

Arteriosclerosis 48 49 See also athcro 
sclerosis, hypertensive cardiovascular 
disease 

cerebral, spinal fluid protein in 298 
erythrocytosis in, 226 
Arteriosclerotic kidney 48 , 49 See athcro 
sclerotic kidney 

Arthritis active rheumatoid sedimentation 
rate in 256 

chronic infectious achlorhydria in, 127 
amebic ulceration of colon in, 156 
deformans serum calcium in 109 
hypertrophic sedimentation rate m, 256 
infectious dextrose tolerance test m 67 
Ascaris lumbncoidcs m feces 153, 455 
ovum 455, Plate VIII 
Aschheim Zondek test for pregnancy Tried 
man s modification of, 316, 525 
Ascites causes of, 284-287 
chylous 198 287 

effect on volume of gastric contents of 
125 

fluid intake in 158 
in carcinoma of liver 15s 
in cirrhosis of liver, 157 
oliguria in 28 

Ascitic fluid cultures of 258 509 
examination of, 522 533 
in diseases of liver 155 157 
interpretation of 284-287 
smears of 258 507 
Ascorbic acid See v itamin C 
Asiatic cholera 50 84 t47 See also 

cholera 

Asphyxia, alkali reserve estimation in 79 
cause of acidosis 83 84 89 
glycosuria from 59 
\sthema basal metabolism in 107 
Asthma, bronchial eosmophilia in 240 
serum calcium in 108 
sputum m 280-283 
cardiac no eosmophilia in 240 
sputum m 283 

Atelectasis See lung atelectasis of 
Atherosclerotic kidney albuminuria in 15 
48 

Atrophy muscular creatinuna in 315 
hypoglycemia in 64 
negative nitrogen balance m 81 


Atropine, effect on secretion of gastnc 
JUlCe, 122 

Ayala quotient, determination of 296 
In brain abscess 296 
in brain cyst 296 
in brain tumor, 296 
in Troin’s syndrome, 299 
Ayerza s disease erythrocytosis in, 226 
Azurophil granules 167, 480, Plates in, IV, 
VI 

Bachman skm test for trichinosis 154 
Bacillary dysentery, feces m 147 148, 150 
156 

Bacillus coh infection of urinary tract by 

24 

monocytogenes infection monocytosis m 
243 

paratyphosus B fermentation of lactose 
by 61 

Bacteria in cerebrospinal fluid 258 298 
509 5*3 
m pyuria 24 
in secretions 288 509 
in urine sediment 350 3SI 
intestinal cause of methemoglobinuna 
*3 

stains for 258, 507, 508 
Bacterial endocarditis subacute anemia 
in 213 

focal nephritis in 44 4S 47 
monocytosis in 243 
toxin effect on blood formation of 228 
effect on red cells of 212 
Bactenemia hemorrhagic tendency in 276 
leukocytosis in 239 252 
normocytic anemia in, 212 213 
Bactenologic methods interpretation of 

258 0 
studies indications for 258 

interpretation of 258 
Bacteriology 258, 259, 507-510 
of exudates 258 287 S°7 5** 
of secretions 258 288 s°7 5*3 
making and fixing smears for 5°7 
relation to laboratory diagnosis 4 
Balantidium coh 152, 4S‘ 

Banti s disease 157,217,218 
and Laennec s cirrhosis iS 7 > **8 
ascitic fluid in 14a 
blood in stomach contents from 129 
differential diagnosis of 218 
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Bile, salts m blood, in liver damage, 134 
in obstructive jaundice, 134 
in hematogenous jaundice, 134 
in liver disease, 134 
m unne, 137, 357 
increase of, pruritus due to 134 
secretion, 136 
tests in Urine, 356 

Bjlharxia, J54, 457 See Schistosoma 
Biliary cirrhosis, 157 
icterus index in, 140 

colic examination of feces for gall stones 
following 147 
tract 153 

complete obstruction of 135 136 
158, 159 

color of feces m, 147 
microscopic examination of feces 
in 150 

syndrome of, 135, 137, 158 See 
jaundice obstructive 
disease of, 156 

infections of and gall stones 135 156 
inflammation of, 133, 156 
icterus index in 140 
partial obstruction of, 136 159 
pathology of 133 
physiology of, 133 
Bilirubin, excretion of, 136 
formation of 136 
in blood 139 See icterus index 
in feces 136, 149, 445 
in urine 137, 356 
van den Bergh test for 142, 412 
Bilmibmuria 136 137, 158 159 356 
Biliverdin color of feces from 147 
formation of 136 
in feces 136, 147 149 443 445 
in urine 136, 137, 356 
Biochemistry relation to laboratory diagno 
sis 4 

Biocolonmeter 334 

Bismuth administration of color of feces 
after 147 
poisoning si 
albuminuria in 17 
anuria m 28 

blood creatinine in 34 37 
urea clearance in 34 36 
urea nitrogen in, 32, 34 
epithelial cells in urine m 24 
hematuria in 20 
leukopenia from 245 


Bismuth, poisomng oliguna in, 28 

phenolsulphonphthalein test in 32, 34 
Biuret test for protein, 344 
Blackwater fever 22, 198,214 
hemoglobinuria in, 22, 216 
Bladder calculi 26,354 
hematuria in, 21 

full effect on basal metabolism 103 
paralysis 0/ complications of, 50 
pyelonephritis in, 50 312 
Schistosoma hematobium in 154 457 
tumors of hematuria in, 19 ar 
Bleeding time 269, 503 
Duke s method, 503 
in aplastic anemia, 220, 274 
m diagnosis of anemia 187 
in hemophilia, 2,3 275 
in hemorrhagic disease of newborn 274 
27S 

in obstructive jaundice 134 158 273 
in purpura hemorrhagica 274 275 
m thrombastheme purpura 275 
prolonged, causes of 270 
platelet count and 271 
Blood See also hematology, serum and 
plasma 

alcohol in 305, 307 
determination of, 420 
alkali reserve, 73-91, 396-403 See al 
kali reserve 

amino acid content of in severe diffuse 
liver disease 134 
amylase m pancreatic disease 133 
1 banks ’ 276 

benzidine test for in unne 358 
bile pigment in 136 139, 440 See 
icterus index 

salts m, 134 See bile salts 
bilirubin in 136 139, 4 10 See icterus 
index 

calcium in 107, 403 See serum calcium 
carbon dioxide combining power of 
73-91, 396-403 See alkali reserve 
carbon dioxide increased alkali reserve 
in 79 

tension of 74 

carbon monoxide hemoglobin in 3°6, 4*5 
cell count See red cells and white cells 
cells formation of 165-171 

absence of stimulants of 228 
depressants of, 228 
dualist ic theory of 165 
monophyletic theory of 165 
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Blood cells formation of polyphyletfe 
theory of 165 
sites of, 165 
tmlutic theory of 165 
chemistry s 38 * _ 4 * J 

normals for summary of 43, 411 
chlorides 38, 13a, 395 
and symptoms of alkalosis 131 
estimation of 395 
in Addison s disease 132 
in anemia 3S 39 
in an hydremia 50, 13a 
in death by drowning 13a 133 
in deficient chloride intake 131 
m dehydration 30 13} 
in gastrointestinal disorders 132 
in loss of chlorides and alkali 132 
into exudates or transudates 132 
in loss of hydrochloric acid 122 
in loss of neutral chlorides 1 22 
in peptic ulcer with obstruction 1 55 
in vomiting 84 87 132 320 
influence of gastric hydrochloric acid 
secretion on 119 
interpretation of 38 132 
low muscle cramps from 132 
therapy in 132 133 
medicolegal use of 133 
normals for 38 132 
cholesterol 42, 91 408 
aid in diagnosis in disorders of ductless 
glands 110 
estimation of 408 
in cretinism 42 113 
in diabetes mellitus 42 91 
in hyperthyroidism 42 in 
in myxedema 42 113 
in nephrosis 42 45 46 
in pregnancy 314 

clot retraction 270 504 See dot rctrac 
tion 

dotting time 270 503 See coagulation 
time of blood 

collection of for chemistry 381 422 461 
Congo red test for amyloidosis 42 
technic of 414 
for total plasma \olume 223 
technic of 413 
count complete 5 
creatinine 37,387 
m eclampsia 51 321 
m hydronephrosis 49 
m pregnancy 31s 


Blood culture 358, 509 

in diagnosis of anemia 187 
destruction 205,314-217 
jaundice from 159 160 
urobilinogcnuna from , 137 196 
differential count of white cells in 171 
228 253, 476-484 See differential 
count 

disease of 161-279 
sedimentation rate in 357 
embryology of cells of 165 
examination of indications for in coma 
303 3°5 

fat in diabetes mellitus 91 
formation of 164-171 See platelets 
red cells and white cells 
forming organs diseases of 161-279 
sedimentation rate in 257 
grouping indications for 276 
interpretation of 377 
medicolegal use of 278 279 
normals for 276 
technic of 510 

groups determination of 510 
inheritance of 278 
guaiac test for 358 

hematology of routine 171, 458-487 
See red cells and white cells 
special 186 279 487-507 
histogenesis of cells of 165-171 
icterus index of 139 196 410 See 
icterus index 

in cerebrospinal fluid 296 304 517 
m disorders of central nervous system 
305-307 

in feces 145 147 443 445 Sec feces 
in sputum 381, 382 514 See sputum 
in stomach contents 128 130 436,440 
in dican 43 
iodine no in 
iron in 177, 470 

iron method of hemoglobin estimation of, 
*77. 470 

labelling of specimens 381 
lactic acid in 82 

loss of hematologic findings in 206 21 1 
See hemorrhage 

malaria parasites in 197 484 See 
malaria 

matching 276-279 510 
methemoglobin in 23 51 ti6 
estimation of 416 
mitotic cells in 240 
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Blood moist cover slip preparations of 
191, 497 

negro sickle cells in, 191, 216, 497 
nitrogenous substances in retention of, 
32-53 

nonprotein nitrogen of 35, 386 
estimation of, m pernicious \omiting 
of pregnancy 320 
in eclampsia, 321 
in peptic ulcer in obstruction, 15s 
in pregnancy 315 

normal hematologic values for, 171-184 
228-235, 505 
origin of cells of 165-171 
orthotolidin test for, 358 
parasites 197, 198 See parasites of 
blood 

Paul and Bunnell test, 260, 512 See 
Paul and Bunnell test 
peroxidase stain of 249, 495 See 
peroxidase stain 
pH of, 80 

phosphate 110 404 See serum phos 
pbate 

platelet count of 271.504 See platelets 
pressure in nephritis 45 See hyper 
tension and hypertensive cardiovas 
cular disease 

low blood creatinine in, 34 37 
urea clearance in, 34, 36 
urea nitrogen in 32 34 
oliguria in 28 

phenolsulphonphthalein test in, 32 
34 

protein free filtrate of preparation of, 

385, 386 

proteins 39, 405 See plasma proteins 
quantity needed for each determination 
422 

removal of foreign substances from bj 
liver 134 
by monocytes 228 
by reticuloendothelial system 168 
reticulocytes in 194 496 See reticulo 
cytes 

sedimentation rate 253-258 502-503 
See sedimentation rate 
smears criteria for judging 477 
criteria for judging good stain of 477~ 
482 

essentials for good staining of, 477 
for making well 476 
technic of Wnght s stain of 476-482 


Blood, sugar, 6r, 390 

and excessive insulin production, 64 
colorimetric method for, 390, 392 
fasting, indications for 6r 
normals for, 62 
in coma 303 308 

in cj die vomiting of children 64 8^ 
in early diabetes 62, 91 92 
in eclampsia, 321 
in hemochromatosis 65 
in kidney function impairment 62 
m pregnancy 315 320 
micromethod for 392 
normal nse after meals 56 
normals for, 43 63, 421 
titration method for 390 
sulfanilamide in 261 
determination of, 417 
sulfap>ridine in 261 
determination of, 417 
sulphemoglobin in 23, 51, 416 
supravital staining of, 2 9 497 
tests chemical inunne 3sB 
in intestinal obstruction 155 
m peptic ulcer 1 $S 
Tndunella spirals larva in, 154 45$ 
urea 32,381 

clearance 36,382 See urea clearance 
nitrogen 32,381 

elevated alkali reserve estimation 
in, 38, 78 83, 86 
causes of 33-35 

in Addison s disease 34 115 
in anhydremia 34 5° 
in coma 305, 309 

m eclampsia, 50 321 
in hj dronephrosis 34 49 
in hidDey function impairment 33 
34 

in peptic ulcer, 155 
in pernicious vomiting of pregnancy 
34 3 2 ° 

in pregnancy 315 3*9 
in uremia 33, 44, 5 2 « 3°9 3 21 
indications for 3 , 33 53, 3°3 3°5 
normals for 33, 43 4 21 
unc acid, 41, 388 
elevated causes of, 42 
in eclampsia 42 321 
in leukemia 42 
in pernicious anemia 42 208 
in pernicious vomiting of pregnancy 
42, 320 
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Blood unc acid in poly cj themia rubra 
vera 42 226 
in pregnancy 4 2 3*5 
indications (or 41 
normals for, 42 

van der Bergh test for bilirubin in 
142, 412 

venous for hematology 458-461 

vitamin Cm 272 

volume 223 413 See also plasma 
volume 

Congo red test for 223 413 
decreased causes of 224 
effect on cell counts 171 186 224 
in cretinism 113 224 
in erythroc> tosis 225 
in myxedema 113 224 
in poly cj themia 224, 225 
in pregnancy, 224 316 
increased causes of 224 
normals for 223,224 421 
variations in causes of 224 

white cells 228-267 See leukocy tosis 
and white cells 

Boas Oppler bacilli in gastnc contents 

*24 129 155 436 437 
Boas test for hydrochloric acid 126 437 
Bone abnormal formation of serum 
phosphatase in no 

cranial osteomyelitis of meningitis 
from 292 

malignant tumors of serum phosphatase 
in 1 10 

marrow biopsy 199 499 See also 
sterna] marrow 
blood formation in 166-168 
culture of 199 

deficient function of icterus index in 
J96 220 

destruction of 205, 217 
diagnosis from 199-20: 
disease of eosinophilia in 24 1 
erjthrocytosis in 226 
djsf unction types of 204-206 
formation of bilirubin in 136 
functions of 166-168 
hyperactivitj of m acute blood loss 
206 214 

in increased red cell destruction 
203 2:4 21s 216 
in agranulocj tosis 201 246 
m anemias 201, 203-223 
in aplastic anemia 201 221 


Bone marrow biopsy in disease 201 
in erytbroleukoblastosis 232 
in infectious mononucleosis 201 266 
m leukemias 201 261-267 
in lipoid histiocytoses 201 218 
m multiple my eloma 201 217 250 
in pernicious anemia 201 221 
m poljcj themia rubra vera 225 
in pregnancj 20 o 

infections affecting 205 217 See 

osteomj ebtis 
interpretation of 201 
malignancy of aplastic anemia from 
220 

eosinophilia in 241 242 
leukocytosis from 237 
myelophthisic anemia in 205 217 
See anemia myelophthisic 
normals for 200 

sternal puncture method for obtaining 
499 

tumors affecting 2o s 217 20 

See anemia myelophthisic 
granulocytes in blood in 248 
leukemoid blood picture in 265 
nucleated red cells in 193 205 
white cells of blood in 237 241, 

246-249 

multiple decalcification and hyperpara 
thyroidism 109 

Bones cranial osteomyelitis of cere 
brospinal fluid m 292 297 310 
marble See osteosclerosis 
vertebral osteomyelitis of cerebrospinal 
fluid in 292 297 

Bowel irritable See colon spastic 

Brain abscess Ayala s quotient in 296 
cerebrospinal fluid in 291-301 311 
from amebic infestation 15 1 
meningitis from 292 309 
cyst Ayala s quotient in 296 
edema of 5* 295, 308 
injury of 291-308 
diabetes inspidus from 29 
Taenia echinococcus cysts m 153 
tumor 290-307, 311 
Ayala s quotient 10 296 
coma from 311 

Brand s test for cystin in urine 355 

Brights disease 44-49* See nephritis 
nephrosis and hypertensive card 10 
vascular disease 
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Bright’s disease, degenerative, 45, 46 See 
nephrosis and hypertensive cardiovascu 
lar disease 

Bromide in scrum, 306, 307, 308, 414 
Bromsulphalein test 134, 143, 157, 158 
159,412 

Bronchi disorders of, 280-284 
Bronchial asthma 283 
eosmophilia in, 240 
sputum in, 280-283 
casts in sputum, 283, 514 
Bronchiectasis sputum in, 280-283 
Bronchitis sputum in, 280-283 
spirochetal sputum in 282 
Bronchomomhasis, sputum in 2S2 
Bronchus, carcinoma of sputum in, 280-283 
Buffer action, function of, 76 
in acid base equilibrium, 74-76 
mechanism of 75 
Buffers in plasma, 74 
in red cells 74 
Burns acidosis in 77 
alkali reserve in, 78, 84 
anhydreraia in 34 50 
blood chlonde in, 132 
creatinine in, 34 37 
urea clearance in 34, 36 
urea nitrogen in 32 34 
volume in 225 
hemoglobinuria in 22 51 
leukocytosis from 237 
oliguria following, 28 
plasma volume in 225 
phenolsulphonphthalem test in 31 34 
polycythemia simulated by 225 
Burettes calibration of 327 
care of 327 
choice of 327 

Cabot’s rings in red cells, 193 
Cachexia 107, 114 
decreased plasma protein in, 41 
ketosis in 73 
leukopenia from 245 
of carcinoma monocytosis in 243 
of malaria monocytosis in 243 
pituitary 114 

basal metabolism in 106 
creatmmuna in 315 
dextrose tolerance in, 67 
negative nitrogen balance m 81 
platelet count in 271 
Caffew effect on basal metabolism 102 


Calcium bilirubinate, in duodenal con 
tents, 133 442 

carbonate, administration of, alkali re 
serve in, 86 

crystals and gallstones 133 156 
in urine 352, 353 354 
chloride, acidosis from 84 
in cerebrospinal fluid, 107, 291, 302 
in serum 107, 403 See serum calcium 
10ns decrease of 107, 108 
from alkalosis 80 87, 107 
from parathyroid hypofunction 107 
from rickets or osteomalacia 10S 324 
in blood coagulation 26S, 269 
oxalate crystals in unne 26 352 353 
354 

phosphate crystals m urine 352 353 
salts in gall stones, 135 
sulphate crystals m unne 352, 353 
therapy serum calcium after 109 
Calculi bladder hematuria in 21 

cystin 26,352,354,355 

renal 26, 109 
hematuria m, 21 

urinary chemical identification of 26 
354, 355 

polyuria from 29 

Calories total calculation of from total 
oxjgen consumption 94 98 
from diet 94 
Cammidge reaction 61 
Cantharides poisoning 51 
albuminuria in 17 
anuria in 28 
hematuria in 20 
oliguria m 28 

Capillary microscopy interpretation of 289 
resistance test of Rumpel Leede 270 5°5 
in hemophilia 270 274 275 
m purpura hemorrhagica 270 274 27s 
m scurvy 270 275 

telangiectasia 275 See telangiectasia 
familial 

Carbohydrate absorption of 55 
deficient absorption of, ketosis in 73 
digestion end products Of 145 
formation of glycogen from 55 
metabolism 55 71, 94 
disorders of 55~93 
hormone influence on 5® 7 2 , 94'97 
starvation ketosis in 73 
tolerance 69 
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larbon dioxide administration acidosis in 
89 

amount excreted by lungs 76 
combining power of plasma 77, 396 
See alkali reserve 
content of plasma 79 
normal values for 79 
increase of in blood alkali reserve in, 79 
output in metabolism 94 98 
retention carbon dioxide tension in 83 
tension of alveolar air Marriott test for 
82 

of plasma 82 88 

Carbon monoxide hemoglobin in blood 306 
estimation of 41s 
indications for 306 
poisoning, coma from 306, 308 
effect on red cells 186 226 
glycosuria from 59 
uric acid in 42 

'arbon tetrachloride poisoning 1 58 
-arbomc acid increase of in blood and 
alkali reserve 79 82 83 87-91 
anhydrase and acid base equilibrium 74 
Carcinoma 154 220 See also under 

organs 

and anemia 203,206 211,217,220 
cachexia of monocytosis in 243 
dextrose tolerance test in 68 
examination of feces for blood in 147 
gastric 118-133, *54. 2** 
leukocytosis in 237 
of anus blood m feces from 147 
of ascending colon anemia in 154 21 1 
of bone marrow 203 217 220 
eosinophilia in 241 
of cecum anemia in 154 211 
of kidney hematuria in 20 50 
of bver impairment of liver function in 
* 5 S 

of rectum blood in feces from 147 
of stomach XX8-133 154 See stomach 
of thyroid basal metabolism in 105 113 
of uterus and pyelonephritis 5° 

Cardiac See also heart 
asthma no eosinophilia in blood in 240 
in sputum in 283 
cirrhosis 157 

damage in hypertensive cardiovascular 
disease 48 
edema 284, 285 
blood volume in 224 
plasma volume in 225 


Cardiac edema transudate 286 
Cardiorenal disease See hypertensive 
cardiovascular disease and nephritis 
diffuse 45 48 

Cardiospasm material from above in 
stomach contents 118 
Cardiovascular system disorders of 48, 
280-289 

Carmm test for diarrhea or constipation 
145 . 444 

Carotmemia differentiation of from true 
jaundice 139, 410 
Casts 18, 349 
bronchial, 283 514 
causes of 14-17, 18 
in coma, 303 
in eclampsia 321 

in kidney disease 14-18 45-53 3°3 
in relation to albuminuria 18 
in simple purpura 274 
in urine sediment 349 
mode of formation of 14 
Cat fluke 154 456 

Catarrhal jaundice 158 See hepatitis 
and jaundice catarrhal 
Cauda equina radiculitis of cerebrospinal 
fluid in 297 

From s syndrome in 299 
Cecum carcinoma of anemia in 154 211 
220 

blood in feces in 148 
contents of 145 

tuberculosis of blood in feces in 148 
ulceration of 155 

Cell count 171-177, 228-235 471-484 
See red cells and white cells 
in cerebrospinal fluid 297, 298, 517, 518 
See cerebrospinal fluid 
in cyst fluid 288 523 
in exudates 287 523 
in secretions 288 523 
in transudates 286 523 
Cellulose in feces 146 
Central nervous system disorders of 

290-313 

injury to gly cosuna from 60 
ketosis from 60 

tumors of cerebrospinal fluid in 290-301, 
3X1 

Cephalic phase of secretion of gastric juice 
120 

Cepbahn in blood coagulation 268 269 
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Cerebellum herniation of, zgz 
Ayala’s quotient In 396 
Cerebral abscess, 290-302, 31 1 
anemia, causes of, 307 
coma from, 307 

arteries aneurysm of, blood m cerebro 
spinal fluid from 296,311 
arteriosclerosis spinal fluid protein in 
298 

damage in hypertensive cardiovascular 
disease 48 
edema 32 

cerebrospinal fluid pressure in, 29s 
coma from, 308 

hypertonic sorbitol therapy in, 52 
hypertonic sucrose therapy in, 5 2 
hemorrhage 32 308 
cerebrospinal fluid in, 290-302 
cell count in, 297 
color of 296 
pressure in 294 
coma from, 303 308 
icterus index in 14a 3°5 
precautions in spinal puncture in 292 
sedimentation rate w 337 
thrombosis, coma from, 308 
trauma 5*1 303 307 
dextrose in spinal fluid in, 301 
glycosuria in, 60 303 
hyperglycemia in, 60 65 305 
tumor 290-301, 311 
vascular accidents 52 303 308 
coma from, 308 
icterus index in 142, 305 
Cerebrospinal fluid 290-302, 517-522 
alcohol in 305, 307 

alkali reserve of, 302 521 See also 
plasma alkali reserve of 
appearance of 296 512 
Ayala s quotient in 296 
bactenologic examination of 258 298 
S°7 S09, 5i8 

Benedict s test in 304 518 
blood in 296, 517 
causes of 304 
in arteriosclerosis 304 308 
in hypertension, 48 304 
in trauma 304 307 
bromide in 302 306 
calcium in 302 
cell count 297, 298, 517, 518 
correction for blood in 297 
error m 173 


Cerebrospinal fluid chemical examination 
of, 30i, 518-522 
chlonde 30: 521 
cloudy, 296, 304, 517 
therapy in, 304 
coagulation of 299 
color, 296, 304, 517 
composition of, 291 
creatinine in 302, 304 520, 521 
cultures of 258 298 509 518 
detection of hyperglycemia in 301, 521 
dextrose in 301,305 518 521 
difference from plasma, 291 
differential cell count in 298 518 
diffusible calcium m 107, 10S 302 
emergency tests for diabetic acidosis 
301-305, 521 
formation of, 290 
fibrinogen in 299 
globulin in 298, 518, 519 
gross examination of 517 
in coma 292 303-305 
in differential diagnosis 291-3x3 
indications for chlonde estimation in 298 
for examination of 291 
for guinea pig inoculation, 310 
for quantitative tests on 301 
for sugar estimation in 298 
for Ziehl Neelsen stain 310 
Lange test 299-521 
mercury combining power of 302 304 
320 

microscopic examination of 298, 517 
non protein nitrogen estimation in *9 l 
302 304 520 

normal composition of 291 
normal differential cell count in 298 
normal volume of 290 
normal white cell count in 297 
phosphorus m 291 302 
pressure of 290, 2 94-296 304 
decreased causes of 295 

in spmal subarachnoid block 295 
in alcohohsm 295 308 
in cerebral edema 295 
in diabetic coma 304 
in bead injuries 307 
in meningitis 295 3°4 3°9 
in syphilis 292 297-30° 3 X ° i ia 
in uremia 304 
increased causes of 294 2 95 
normal 294 
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Cerebrospinal fluid, protein 391 298 5:8, 
Si9 

quantitative estimation of 298 519 
Queckenstedt test 295 
routine examination of 517 
serologic tests w 300, 521 
smears of, 238 298 507 518 
Tnchinella spiralis larva in 154 4s 6 
tumor cells in 298 
urea nitrogen in 302, 304, 309 521 
volume 290 5(7 

Cervical discharges 258,288 507 525 
Cestodes in feces 152 451-454 
Cevitamic acid 269 372 418 See vitamin 
C 

Charcoal test for diarrhea or constipation 
X45 444 

Charcot Leyden crystals in sputum 283 
5*5 

Chemical blood tests in unne 257, 258 
examination of cyst fluids 288 523 
of exudates 287 5 2 
of secretions »88 523 
of transudates 286, 523 
sediments in acid urine 353 
in alkaline urine 353 

Chemistry, blood 381-422 See under 
blood 

quantity of blood needed for each estima 
tion 422 

Chickenpox leukopenia from 245 
Children See also infants and newborn 
achlorhydria in 124 
alkali reserve in 78 221-22 j 
anemia In 221-223 

nucleated red cells in 193 221 
blood phosphate in no 
volume in 223 

cerebrospinal fluid cell count in 297 
color index calculation in 488-495 
eosinophils in 172 233 
familial cirrhosis of 218 
hemoglobin coefficient in 180 181 
hemoglobin in 172 176 178 
hypochromic microcytic anemia in, 223 
hypoglycemia in 64 

infections of leukemoid blood in 233 266 
interpretation of neutrophilic changes 
in blood of 252 

leukemia in diagnosis of 262-267 
lymphocytes in 172 230 334 
metabolic rate standards for 99 430-43* 
Mosenthal test in 30 


Children nervous symptoms in from 
worms isx 

neutrophils in 172 230 233, 252 
night to day ratio of unne in 29 
normocy tic anemia in 223 
Oxyuns vermiculans in 151 
peptic ulcer in 64 
plasma volume in 223 
platelet count in 271 
pruritus am in 151 
red cell count in 172 175,176 
volume in 172 176 181 
reticulocytes w 194 
rhabdocy tes in 172 233 252 
saturation index calculation in 488 495 
sedimentation rate of 254 
serum calcium in 108 
sputum collection in 281 
table for calculation of indexes of 491 
tubercle bacilli in stomach contents of 
130 

unne specific gravity in 27 
volume in 27 
vital capacity of 289 
volume coefficient in 180 182 183 
index calculation in 487-495 
Chills metabolism in 100 106 
Chilomastix mesnili 152 451 
Chlorates methemoglobinuria from 23 
Chlondes in blood 38, 107 132, 395 See 
blood chloride 291 
m cerebrospinal fluid 291 301, 521 
in plasma 109 
in unne 133, 359. 37 1 
Chloroform poisoning bromsulphalem test 
in 143 

icterus index in 140 
liver damage from 158 
urobibnogenuna in 138 
Chloroma bone marrow in 201 
blood in 261-266 
Chlorosis 203 212 
platelet count in 271 
Cholangitic abscess 133-144 
Cholangitis 134-144 15 6 
Cholecystitis 134-144, 156 
hyperglycemia in 62 
leukocytosis in 238 
normocytic anemia from 213 
unc acid in 42 

Cholecystokimn aid in emptying gall 
bladder 13s 



6l2 


SUBJECT INDEX 


Cholelithiasis, 134-144, 156 
blood cholesterol in 42 
Cholera, nnhydrcmia in 50 
blood creatinine in 34, 37 
urea clearance in, 34 36 
nitrogen in, 32, 34 

form and consistency of feces in 147 
leukocytosis from 237 
monocytosis in 243 
phenolsulphonphthalein test in, 31, 34 
polycythemia simulated by, 22s 
Cholesterol blood 42, 91, 110 408 Sec 
blood cholesterol 
normal values for, 42, 43 421 
crystals, and gallstones 133 156 
in bile interpretation of, 133, 442 
m duodenal contents, 233 442 
in secretions 288 
m urine, 352, 353 
esters in urine 24 353 
estimation of 408 

excretion increased effect on gall stone 
formation 13s 
m bile, 134 

in cerebrospinal fluid 291 
m gall stones, 135 
test for 444 
ua plasma, 109 
test for 408 444 
Chorea metabolism m 100 106 
leukocytosis from 237 
Chorion epithelioma Aschheim Zondek test 
for 317 

epithehomatous teratoma Aschheim 
Zondek test in, 317 
Chylous ascites 198 
effusions 287 
filanasis in 198 
Chyluna 25 198 
Cilia tes m feces 152, 45 1 
Cmchophen poisoning, 158 

bromsulphalein test in 143 
icterus index m, 140 
liver damage from 158 
urobilmogenuna in 138 
Circulatory insufficiency acidosis from 83 
Cirrhoses of liver, 134-144 156, 157 
ascitic fluid m 144 284-287 
blood in feces m 148 
in stomach contents from 129 
leukopenia m 244 245 
splenomegahc anemia in 217, 218 
stomach pumping m 121 


Cirrhoses of liver, familial 318 
Cisternal puncture, 292 293 
contraindications to 292 
technic of, 293 

Citnn 269 272 See vitamin P 
Claude Bernard sugar puncture of, gly 
cosuna following 60 
Climate effect on red cells 184 
Clonorchis sinensis 154 456 
Clot retraction, 270, 504 
and plasma proteins 270 
in aplastic anemia 220 270 274 
in hemophilia 270 273 275 
in hemorrhagic disease of newborn 27 j 
in purpura hemorrhagica 270 273 275 
u thrombasthenic purpura 275 
time m diagnosis of anemia 187 
Coagulation of cerebrospinal fluid 299 
time of blood 268 270, 503 
capillary tube method 503 
drop and needle method, 503 
factors which favor, 268 
factors which prevent 26S 
in diagnosis of anemia 187 
in hemophilia 270 273, 275 
in hemorrhagic disease of newborn, 
274 275 

in jaundice, 134 273 275 
in liver disease 134 158 
in purpura hemorrhagica 27°i 2 73, *75 
Lee and White method 503 
mechanism of 268, 269 
Coccidiodal granuloma leukocytosis from 
237 

Coffee effect on basal metabolism of 102 

103 

on urine volume of 27 
Cole s test for lactose 347 
Colic biliary, gall stones in feces following 
147 *56 444 
Colitis I4S-I52. *55 

amebic 151 155 See amebic dysentery 
in uremia 52 
mucous feces in 147 
ulcerative feces in 147 149 *55 
Colloid goiter 1 13 See goiter 
Colloidal gold test 299, 521 See Lange 
test 

Colon carcinoma of, i45-*5°» *55 
anemia in, 155 2 ** 

Cnterobius vermicularis m 153 455 
spastic 146 *47 
Color index See index color 
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Colorimeter 332-335 
photoelectric 334 

Colonmetenc estimation technic of 332- 
335 

Coma 302-313 
alkali reserve in 77 305 
blood chemistry in 32 305 
causes of 307 

cerebrospinal fluid in 290-302 303-305 
dextrose in spinal fluid in 301 304 
diabetic 77, 91, 92, 308 
leukocytosis in 237 
differential diagnosis of 290302-313 
from alcohol 303 307 
from carbon monoxide poisoning 306 308 
in eclampsia 52 308 321 
in eclamptic uremia 52 
in pseudo uremia 52 
in uremia 52, 309 

indications for blood examination in 
3 03 305 
uremic 52 309 
cerebrospinal fluid in 302 304 
urine examination in 303 
with glycosuria in injury to central 
nervous system 60 303 
Common duct complete obstruction of 
136 158 See jaundice obstructive 
Complement fixation tests 259 
Concentration and dilution test 31, 361 
See dilution and concentration test 
Confusion from hypoglycemia 63 
Congestion passive albuminuria in 15 303 
casts in 18 303 
edema in 284-287 

Congo red test for amyloidosis and nephro 
MS 42,414 

in Addison s di ease 42 115 
in liver enlargement, 144 
for blood volume 223, 413 
for hydrochloric acid in stomach con 
tents 437 

Constipation atonic 146 147 
carmin test for 145. 444 
charcoal test for 145 444 
diagnosed from feces 145 147 443 
feces in 145-148 
spastic 131 145-148 
Convulsions basal metabolism in 106 
in eclampsia 52 30S 321 
in eclamptic uremia, 52 
in pseudo uremia 52 
in uremia 52 


Convulsions leukocytosis from 237 
Cooke and Ponder s weighted mean 483 
Cooleys anemia 222 
macrocytic anemia in 209 223 
Copper in formation of hemoglobin 170 
Coproporphyrin excretion of 23 356 
Cor pulmonale erythrocytosis m 226 
Coronary occlusion blast crises in 193 
leukocytosis from 237 
sedimentation rate in 257 
Corpuscular hemoglobin 179, 180 
concentration 183 
volume 180 182 

Cortin deficiency, 115 See Addison’s 
disease 
action of 97 

Coryza secretions in 288 
sedimentation rate in 256 
Coughing sputum examination indicated 
281 

Cover slip method for reticulocyte count 
497 

preparations moist 19 1, 448 497 
Cramps muscular blood chloride m 132 
Cranial bones osteomyelitis of cerebro 
spinal fluid in 292, 297 
Craniopharyngioma cerebrospinal fluid 
serology m 115 
Creatine in urine 315 371 
Creatinine clearance test 37 
in blood 37, 387 See blood creatinine 
in cerebrospinal fluid 291 302 304 
m plasma 109 
in urine 315 371 520 5 J * 

Cretinism 95 112 
anemia id 113 219 
basal metabolism in 106 
blood cholesterol in 42 110 
blood volume in 112 224 
creatinuna in 315 
dextrose tolerance in 67 1 12 
hypoglycemia in 63 
Crotin poisoning hemoglobinuria in 22 
Crystals in urine 25 352 353 
Cultures 258 509 
indications for 259 
obtaining material for 258 
Curschmann s spirals in sputum 283 514 
Cutler method of sedimentation rate deter 
minauon 253 

C> anosLs and acid base equilibrium 79 88, 
89 

and erythrocytosis 226 
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Cyanosis from sulfanilamide 23 
from sutfapyndine, 23 
Cylic vomiting and peptic ulcer, 64 
Cylmdroids in urine sediment, 350, 35 r 
Cyst fluids characteristics of 288,522,523 
indications for examination of 385 
Taenia echinococcus hooklets in, 288 523 
tumor cells In 387 523 
C>stic duct complete obstruction of, 136, 
iSS 

C>stine crjstals m unne, 25, 352-355 
Cystinutia, 25, 355 
Cystitis 34, 49 
albuminuria in 17 
ammonia nitrogen of urine in 81 
ammomacal crystals m unne sediment 
25 

and hydronephrosis 49 
hematuria in, 3i 
hemorrhagic 31 
ketogenic diet for 71 
mandehc acid therapy of 49 
modified Mosenthal test in 30 
mucinous protein in x8 
pyuna in 34 

reaction and pH 0/ unne in 80 
reflex polyuna from 30 
sulfanilamide therapy of 50 
total acidity of unne in 80 
nitrogen of unne in 8i 
Cysts containing urine identification of 
a 88, 523 

echinococcus 153 523 

of liver, icterus index in 141 
splenic puncture contraindicated w 202 

Dare hemoglobin method 177 470 
Daikfield examination 332, 509 
Darkness effect on platelet count of, 272 
Davidsohn s test for infectious mononu 
cleosis 261 

Death cause of m hypertensive cardio 
vascular disease 4S 
from extirpation of liver 134 
immature cells in blood preceding 252 
483 

prediction of from neutrophil morphol 
ogy 252,483 

Degenerative index in differential cell count 

252 484 

Dehydration So See anh> dremia 
Dengue leukopenia from 245 


Dental canes of pregnancy, prevention of 
3*6 

Dermatitis eosinophilia in 241 
herpetiformis eosinophilia from 241 
Dermoid cysts charactcnstics of, 288 
Dextrose, and lactose in unne, s8 61, 346, 
347 

Benedict’s test for, 57, 345 
effect of, on basal metabolism, joo 
energy equivalent of, 56 94 
estimation, technic of, 372, 390 
fermentation test for, 346 
in blood, 6z, 390 See blood sugar 
in cerebrospinal fluid 29: 301, 304, 518, 

52: 

Benedict s qualitative test for 304, 518 
in plasma 109 

m unne, 57, 58, 34s 372 See glycosuna 
and unne dextrose in 
metabohsmof 55, 7*. 94 
osazone test for, 346 
otidation of, 55, 94 

oxidizing ability test indications for 69 
technic of 69, 372 
qualitative test for, 57, 58, 345 346 
quantitative estimation of, 61, 37 2 « 39° 
release of, from liver, 55 134 
role in carbohydrate metabohsm, 55 7* 
94 

to nitrogen ratio in diabetes melbtus 91 
tolerance test 65-69, 394, 395 
hormone influence on 56 66 72 96 
97 

m acromegaly, 66 1 14 
in Addison s disease 67 115 
in adult pituitary obesity 67 * r 4 
in aged 65 

m basophil adenoma of pituitary 114 

in cretinism 67 113 

in diabetes 66, 68 69 91 

in Froehhch s syndrome, 67 114 

in gigantism 66, 114 

in hyperthyroidism 66 107 112 

in myxedema 67 1*3 

in pituitary cachexia 114 

in pregnancy, 67 

indications for 65 

normals 65 

one hour two dose 68 395 
technic of 394 395 

true m blood normal values 43 62 42' 
utilization determination of 7® 
value of diet calculation of, 55> 7* 
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Diabetes bronzed, 55 
jnnocens, 60, 63 67, 69. See gljcosuna 
renaL 

insipidus 29, 57 
modified Mosenthal test in 30 
polyuna in 39 
treatment of 29 

unne volume and specific gravity in 
2 9 S7 

mellitus, 55-93. 308 
acidosis in, 73-91, 3 ot “3°S 3o8 See 
diabetic acidosis 

alkali reserve in 77 82, 85 9* 308 

basal metabolism m, 98 107 

blood cholesterol in 42 91 

blood fat in 91 

blood sugar 10 62 

carotmcmia in 139 

causes of 58 

coma from 92, 302-305, 3©8 See 
diabetic acidosis 
D to N ratio in 91 
deficient supply of insulin in, 55 72 
determination of seventy of 69 70 
dextrose in spinal fluid in 301 304 
in urine in S7 $8 
oxidizing ability test in 6g 
tolerance test in 65 66 
diastatic activity in, 91 
early or incipient 9* 
fat droplets in unne 24 
fractional reduction test in 58 
grades of 91 
hypergl) cemia In, 62 
impending coma in 91 92 308 
in older persons 58 
increased cholesterol excretion in 135 
insulin coefficient in jo 
juvenile 58 
ketosis in 70-73 

laboratorj cntena in treatment of 91 

leukocytosis in 237 

levuloic in unne in 60 

bpemia in 91 

mild 91 

moderate 91 

one hour two dose dextrose tolerance 
test in 68 

pentose in unne in 61 
polyuna in 29 57 
prognosis of 42 gt 
renal threshold in 6j 
respiratory quotient in 98 


Diabetes mellitus severe 91 
treatment of, 85 92,93 
types of 58 
urinal) sis in 29 57, 73 
unne volume and specific gravity in 
29 57 

renal 67 See glycosuna renal 
dextrose oxidizing ability test in 69 
dextrose tolerance test in 65 67 
glycosuna in 60 
hypoglycemia in 63 
renal threshold in 65 
Diabetic acidosis 69-85, 91, 92, 308 
alkali reserve in 77, 82, 305 
cerebrospinal fluid in ior 302 304 
coma 308 
leukocytosis in 237 
therapy of 92,93 

Diabetogenic hormones of anterior pitui 
tary 96 97 

Diace tic acid 69-73, 344 See aceto acetic 
acid and ketosis 
Diagnosis basis for 6 
place of laboratorj in 3 
Diameter of red cells 190, 495 
Diaphragm paralysis of vital capacity in, 
289 

Diaphragmatic hernia blood in stomach 
contents from 129 

Diaphoretics effect on red cells of 186 
See also anbjdremia 
Diarrhea 50, 145-154 *55, *5® 
acidosis in 84 85 
alkali reserve estimation in 77 84 
amebae in feces in 150 155 
anbjdremia in, 50 
Balantidium cob in feces in 152 
blood chlonde in rjj 
creatinine in 34 37 
urea clearance in 34 36 
urea nitrogen in 32 34 
volume in 225 
carmin test for 14s 444 
cause of acidosis 84 
charcoal test for 145 444 
chronic achlorbjdna in 127 
achjbain 127 

decreased intracranial pressure in 295 

erjthrocj*tos:s in 225 

Fasciolopsis busk! and 154 

feces in 145-156 

flagellates in feces In 1 32 

form and consistency of feces in 147 
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Diarrhea, in Addison’s disease, its 
in hyperthyroidism, 1x2 
ketosis in, 73 

negative nitrogen balance in, 81 
oliguria following 18 
ova of Fasciolopsis buski in feces in, 154 
phenolsulphonphthalein test in 31, 34 
plasma volume in, 225 
polycythemia simulated by, 225 
Strongyloides stercoralis in 154 
test for bilirubin in 149 
Diastatic activity in diabetes meltitus 91 
Diazo test in urine, 358 
Diet acidifying 75 
alkalizing 75 
balanced, 83 

calculation of factors for 57, 71, 94 
calories of, 94 
dextrose values 55 71 
effect of on basal metabolism, zoo 
in diabetes mellitus, 71, 72 
ketogenic antiketogenic ratio of, 70-72 
low carbohydrate, dextrose tolerance 
test after, 68 

of Sansum and Blatherwick, alkalosis 
from 86 

Diets improperly balanced negative nitro 
gen balance in 8i 

Differential count in blood 228-253, 261- 
267, 476-487 See also white cells 
degenerative index of 253 484 
errors in 232 

identification of cells in, Plates I- VII, 

478-484 

in ulceration of intestine 156 
prognosis from 252, 483 
smears for criteria for judging 477 
technic of, 479-487 
weighted mean of, 483 
W right's stain for 477 

criteria for judging good stain 479 
essentials for good staining of 477 
essentials for making well 476 
Differential count in cerebrospinal fluid 
298, 306-313. 5i8 
m cyst fluids 288 
in exudates 287 523 
in secretions 288 523 
m transudates 286, 523 
Diffraction method for determination of 
red cell diameter 190, 496 
Digestion carbohydrate end products of 
U$ 


Digestion, effect on basal metabolism of, 
xoo 

fat, end products of 145 
protein, end products of, 145 
Dihydrotachysterol, effects on calcium in 
serum, 109 

therapy in parathyroid tetany, 109 
Dilaudid, effect on basal metabolism, 102 
Dilution and concentration test 31, 361 
comment on, 53 
indications for, 53 
Dimethyl -or naphthylamine, 418 
Dinitro-o-cresol effect on basal metabolism 
x6i 

Dinitrophenol effect on basal metabolism 
102 

Diphtheria culture for 258 288, 509 
hemoglobinuria following serum reaction 
in, 22 

nephritis in, 15 
stain for, 258, 288, 507 
Diphyllobothnum latum 152, 153, 454 
anemia from 153 209 214 
macrocytic anemia from, 204 209 
ovum Plate VIII, 454 
symptoms from, 152 
Disintegrating cells in blood 235 
in bone marrow, 200 

Dissecting aneurysm, leukocytosis from 237 
Dittnch s plugs in sputum, 283 514 
Diuretics acidosis from 77 84 
contraindication to 28 
effect on red cells of 186 
indications for 28 

Diverticulum Meckel s blood w feces m 
148 

Donath Landstemer test for paroxysmal 
hemoglobinuria 22 512 
Drowning blood chloride in diagnosis of 
cause of death from 132, 133 
carbon dioxide tension in 82 
temporary uncompensated acidosis in 89 
Drug ldiosyncracy and purpura hemor 
rhagica 274 

Drugs affecting alkali reserve 77 84 86 
leukocytosis from 236 237 
liver damage by 138 140 158 
removal of by kidney 12 
Duahstic theory 165 
Ductless glands disorders of 94 -II 7 
Duke method for bleeding tune 269, 503 
Duodenal contents amylopsinin 133 44* 
bile pigments in decrease of 133 
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Duodenal contents calcium bilirubinate in 
*33 44* 

cholesterol crystals m, *33 44* 
collection of specimen 44* 
determination of enzymes in 133 44* 
determination of pancreatic function 
from 133 44* 
examination of, 133 44* 
in stomach, t *8 120 
fistula alkali reserve estimation m 77 87 
alkalosis from, 87 
blood chlonde in 132 
creatinine in 34 37 
urea clearance in 34 3 6 
urea nitrogen in 32 34 
phenolsulphonphthalein test in 31 34 
Duodenal ulcer 153 See peptic ulcer 
Duodenum Fasciolopsis buski in 154 
substances from, in gastric contents 118 
Dwarf tape worm in feces 15a, 454 
Dye tests of liver function 143, 4** 

Dyes removed from blood by Uver *34 
Dysentery amebic *50,151,156,447 See 
amebic dysentery 
bacillary feces in 147, *48, *56 
polycythemia simulated by ns 
serum calcium in 108 
Dysinsubmsm 63,68 
Dyspnea basal metabolism in 100 106 
paroxysmal nocturnal 283 
Dystbyroidism basal metabobc rate in 105 
Dystrophy muscular cieatmvma in 3*5 
hypoglycemia in 64 

Eccbymoses 373 
Echinococcus cysts, 153 288 
of bver Icterus index in 14* 

Eclampsia 50 320 
albuminuria in 16, 318 
ammonium nitrogen of unne in, 81 
and eclamptic uremia 52 
ammain 28 318 
blood chemistry in 321 
btomsulpbaltm test In 143 
casts fn 18 318 
cerebrospinal fluid in 30 S 
etiology of 321 
hematuria in 318 
icterus Index in 140 
leukocytosis in 537 
liver damage in 158 
necropsy findings In 321 
oliguria In 28 318 


Eclampsia, reaction of unne in 80 
symptoms of, 320-321 
therapy of, 321 
total nitrogen of unne m, gi 
unc acid in 42 
urobilinogen in 138 

Eclamptic uremia 52 Si e also cerebral 
edema 

Ectopic pregnancy 323 See also preg 
nancy ectopic 
Eczema unc acid in 42 
Edema 284 

albumin globulin ratio in, 40 41 
and plasma proteins 40 41, 283 286 
and specific gravity of plasma 40 
angioneurotic eosinophilia in 240 
basal metabolism in 99 107 
cardiac 285 
blood volume m, 2 24 
plasma volume in 224 
concentration and dilution test in 3* 
development of oliguria in 28 
diffuse indications for laboratory tests in 
*4 S* 

in nephritis 12 39 40 47,285 
disappearing polyuria in 29 
error in surface area in 99 
formation of 284, 285 
indications for laboratory tests in, 53 
Martin Fisher regime for alkalosis from 
86 

modified Mosenlhul test in 30 
nephritic 285 
blood volume in 224 
plasma volume In 224 
of brain, 52, 295 308 
of eyelids w tnchmtasis 151 153 
of nephrosis 39, 4 1 46 285 
basal metabolism in 107 
of optic disc 48 2pt 
pallor in, 187 
pulmonary acidosis in 90 
sputum in 280 282 
serum protein in 39 41 
universal of the newborn 22* See 
erythroleukoblastosis 
unnalysis lr 14, 26 

Effusions 39 284-288, 522, 543 See 
transudates and exudates 
chylous characteristics 0! 387 
due to malignancy characteristics of 
287 S*3 

indications for examination of 285 
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Effusions, protein content of, in acute 
glomerular nephritis 39 
pseudochylous, characteristics of 387 
tuberculous, characteristics of, 387 
tumor cells in, 387 323 
Elastic tissue in sputum, 383 514 
Elephantiasis filanasis in, 198 
Elliptical cells, differentiation from sickle 
cells of, 189 19c 

Lmaciation, basal metabolism in, 107 
Embolism, cerebral, coma from, S3, 308 
Emetics, effect on red cells of 186 
Emotions effect on basal metabolism of , 100 
effect on peristalsis of, iso 
effect on secretion of gastric juice of 130 
Emphysema acidosis in, 89 90 
erythrocytosis in 336 
Empyema, leukocytosis in 339 
normocytic anemia from 313 
sedimentation rate in, 357 
sputum m 280-283 

Encephalitis lethargica, cerebrospinal fluid 
in, 297 298 301 31a 
cerebrospinal fluid cell count in 397, 298 
dextrose in 301 
Lange in 299 300 
coma from, 312 

post lethargic, alkalosis in 79 90 
hyperpnea in 90 
Encephalomalacia, 48, 52, 308 
icterus index in 142 
Endameba coll 152 448, 449 
histolytica *55i 447~45* 

Endocarditis subacute bacterial, 45 47,213 
and anemia, 213 
and focal nephritis 47 
blood culture in 258 
hemorrhagic tendency in 276 
leukocytosis from 238 
monocytosis in 243 
normocytic anemia from 213 
Endocrine disturbances 94-117 
and carbohydrate metabolism 55, 57, 72 
blood sugar in 61-68 
dextrose tolerance test in 65-68 94-97 
111-117 

m pregnancy 3x4 316 

normocytic anemia from 219 
Endohmax nana 15 1 448 449 
Endothelium blood cells formed from 165 
Enterobius vermiculans 151, 153 45s 
m children 151 153 
m feces 153 


Enterobius vermiculans location of ova 
“f. 455 

ovum 453, 455, Plate VIII 
Enteroliths, 444 

Eosinophil granules 167, Plate n, 479 
Eosinophila, 240-342 
causes of, 240-242 

examination of feces for parasites in 150 

151 

in acute leukemia, 261-266 
in acute osteomyelitis, 217, 241 
in amebic colitis, 1 55 
in myelophthisic anemia, 205 217 
in pernicious anemia, 208, 242 
in scarlet fever, 337, 241 
in secretions 388 
in sputum, 283 
in tnchiniasis, 151, 153, 240 
in tumors of bone marrow, 241, 242 
in worm infestation, ijo 240 
Eosinophilic leukemia eosmophiha in 24*, 
261-266 

Eosinophils absolute values for 234 
identification of, 479 
in bone marrow, normals for 200 
in chronic granulocytic leukemia 241 
261-266 

morphology of Plate II, 167, 479 
normals for 172,233 
nuclear anomaly of, 251 
Epidemic hemoptysis, ova of Paragonimus 
westermam in, 282 
sputum in 283 515 
Epilepsy, coma from 307 
ketosis in treatment of 71 
Epileptiform seizures hypoglycemia in 63 
Epinephnn s 9 

effect on basal metabolism 102 
effect on carbohydrate metabolism of 56 
effect on secretion of gastnc juice of 120 
glycosuria following administration of 59 
Epithelial cells in urine sediment 24 350, 

Epithelium comified absence of in 
meconium 150 
Equipment of physician 8 
Ergosterol irradiated serum calcium after 
108 109 

Enometer, use of 190 49 6 
Erysipelas leukocyte count in 239 
platelet count in, 271 

Eiythroblast, 16.-164. See prokaiyoeytM 
Erythrocytes 161-227 See red cells 
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Erythrocytoses 188 224-327 See also 
polycythemia 
blood volume in 223 224 
causes of 186 225-327 
clubbing of nails m 226 
in anhydremia, 50 225 
in intestinal obstruction 155 
red cell volume in 224-226 
white cells in 225 

Erythroleukoblastosis hematology of 221 
jaundice in 141 
macrocytic anemia in 209 222 
nucleated erythrocytes m 193 222 
symptoms of 221 
Erjtbropoiesis x66 
evidences of rate of 194-196 
Erythropoietic system disorders of 161- 
227 

tissue aplasia of 204, 220 
Esbach estimation of protein m unnc 
technic 360 

modification of technic 360 
Esophagus carcinoma of anemia in 213 
stomach contents in laS 
stomach pumping contraindicated in 
I3t 

diverticuli of stomach contents in 118 
obstruction of X3i 

pulsion diverticulum of stomach pump 
mg contraindicated in iat 
stenosis of anemia from, 213 
negative nitrogen balance in 81 
stomach contents in 118 
stomach pumping contraindicated m 
rar 

ulcer of blood in stomach contents from 
128 See peptic ulcer 
hyperchlorhjdna in 128 
varices of in Banti s disease 218 
rupture of 128 148 157 211 
stomach contents in 128 
stomach pumping contraindicated in 
121 

with cirrhosis of liver 157 
Essential hypertension 45 48 See hyper 
tensive cardiovascular disease 
Ether anesthesia albuminuria from, 17 
cutaneous effect of on white cells 236 
ketosis following 73 
Ethereal oils leukocj tosis from 236 
Ewald meal X22-X30 434-441 See also 
stomach contents 
Indications for 122 


Ewald meal normal acidity for 124 
normal microscopic for 124 
normals for 123, 124 441 
significance of findings in, 124-130 

technic of, 434-441 

Exanthemata hemoglobinuria in 22 
hemorrhagic tendency in 276 
Exerase muscular severe acidosis from 
S3 

leukocytosis from 237 
neutrophilia from 235 
Exophthalmic goiter xxx See also goiter 
and thyroid 

Extrinsic factor 169 170 203 
Exudates *84-288, 522 523 
absorption of proteosuna in 18 
bactenologic examination of, 258 387, 
507. 5°S» 

cell count of 287 523 
chemical examination of 287 523 
cottonwool in retina in hypertensive 
cardiov ascular disease 48 
differential count in 523 
due to pyogenic organisms characteris 
tics of 287 
effect on feces of 146 
gross examination of, 522 
indications for examination of 258 285 
in sputum, 280 

in stomach contents sources of 118 
interpretation of findings in 287 
loss of chlorides into 132 
microscopic examination of 523 
protein content of 532 
Rivalta test in 523 
tubercle bacilli in 507 523 
tumor cells in 387 523 
Ejelids edema of, in trichinosis rji 153 
E>e piece micrometer method for red cell 
diameter determination xpo, 495 

Fallot, tetralogy of erjthrocj tosis tn 226 
Familial hcmolj tic icterus 215 Seehemo 
lytic icterus 

Fasciolopsis buski, 154 456 
Fat acids m feces 14 s 150 446 
digested aid in emptying gall bladder 
*35 

digestion and absorption of, bile salts in 
*34 

end products of 145 
droplets m unne sediment 24 353 
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Fat, excessive ingestion, fat droplets in 
urine sediment of, 24 
excessive metabolism of, ketosis In 73 
formation of glycogen from 55 
in blood, in diabetes mclhtus, 91 
tn feces 150 
test for, 446 
ketosis and, 71 
meal in stomach, too 
metabolism 55, 94 
disorders of 55 
Fansra, cause of 22 
hemoglobinuria in 22, 51, 216 
Febrile diseases oliguna in, 28 
Teces 145-160,443-457 
abnormal additions to, 146 
abnormal color of 147 
abnormal constituents of, 147 
abnormal form and consistency of 146 
abnormal odor of, *47 
abnormal reaction of, 147 
amebam 150-153. 447 
bile pigments in 147, 149, 445 
bilirubin m 136, 147-149, 443 
biliverdin in 136, 147-149, 443 
blood in, causes of 147. 443. 445 
determination of 445 
from peptic ulcer 148 155 
in carcinoma 148 155 
in cirrhosis of liver, 148 157 
carmin test for rate of passage of, 145 444 
cestodes in 152, 451-454 
chemical examination of, 147-150 445 
446 

abates in, 152 451 
clay colored 137, 147 149 
collection of 151, 443 
color of, 147 443 
composition of, 145 
consistency of, 145 146, 443 
constipation diagnosed from 145 444 
Cysts in 152,447-451 
decreased rate of passage 145 
deficiency of bile in 146 
deficiency of bile pigment in 147 
diarrhea diagnosed from 145, 444 
diet for testing for blood in 148 445 
examination in diagnosis of anemia 187 
m ulceration of intestine 155 
for blood m intestinal obstruction 155 
in peptic ulcer 155 
for gallstones m, 147 156 444 

v routine 443 


Feces, factors decreasing rate of passage of, 
146 

factors increasing rate of passage of, 146 
fat acids in 145, 150 
fat in, test for, 149 446 
flagellates in, 152 451 
following liver meal 150, 447 
form of, 146, 443 
gallstones in, 147, 444 
gross examination of, 146, 443 
in red cell destruction, 196 205 214 
increase of bile pigment in, 149, 196, 214 
increase of fat acid in, 146, 149 
increase of urobibnogen in 136 149, 196 
increased rate of passage, composition 
and consistency of, 146 
interpretation of gross examination of 
146 

interpretation of intestinal parasites in 

150 

intestinal parasites m 150-154, 447“457 
intestinal worms in, 150-154. 451-457 
microscopic examination of 149 44 6 
mineral oil in, 147, 447 
mucus in *4 5. *47. 443 
m ulcerative colitis 156 
muscle fibers in, 150, 447 
nematodes in 153,454 
normal, 146 

normal frequency of defecation MS 
occult*blood in, 147-149. 445 
odor of, 147 443 

os a in, 150-154. Pl» te V 111 ' 45 I- 457 
parasites in examination for 15°. *54. 

447-457 See parasites 
pus in 149, 44b 
in bacillary dysentery, 156 
in inflammation of large intestine 156 
in proctitis 156 
in ulcerative colitis 15° 1 S& 
quantitative examination of M9 445 
reaction of, M7> 443 
Schmidt s test on M9 445 
soaps in 150 446 
starch granules in 150 447 
tapeworms m 152, 45* 

Trichomonas hominis in 152 4a 1 
unvested nuclei in after liver meal is° 

urobilinogen in 136 149 x 5® 
in aplastic anemia, 204 220 
in hemolytic icterus 149 *59 *9° 
205 217 
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Feces urobilinogen in quantitative deter 
Tnin&Uouo! 445 

Schmidt s test for 149 445 
worms 10, 150-154 45* - 45& 

Febling s test obsolete, 346 
Felty 3 syndrome leukopenia in 245 
splenomegaly in, 2x9 
Fermentation test, technic of 346 
Fever, albuminuria in, is 
alkalosis from 79 87 
basal metabolism in, 103 
creatmunain 31s 
eosmophiba with 241 
hyperpnea of alkali reserve estimation 
» 79 *7 

in acute leukemia 263 
in tnchimasis 151 IS3 
ketosis in, 73 
oliguria in, *8 

parenchymatous degeneration of kidney 
in, *5 

platelet count m 271 27* 
prolonged, 213 
diagnosis of, 213 
negative nitrogen balance in, 81 
sedimentation rate in 253 254, 257 
Fibnn formation of 168, 169 
in plasma 39-41 

Fibrinogen congenital absence of 41 274 
decreased, 41 

in cerebrospinal fluid 291 299 
in plasma 39-41 
estimation of 405 
normal values for 140 422 
production of 134 
role in blood coagulation 168 169 
Filament non filament count of white cells 
484 

Filatiasis 198 
cause of chyluna 25 
chylous effusions from, 198 287 
cosmophilia in 240 

moist cos er slip preparations in 191 198 
497 

Filtrate protein free of blood preparation 
of 3B5 

Fish tape worm in feces 153, 454 
Fissures in anus feces in 147 
Fistula duodenal alkali reserve estimation 
m 78 

alkalosis from 87 
anhydremia in 34 50 
blood chlonde in 132 


Fistula gastnc alkali reserve estimation in 
78 

alkalosis from 87 
anbydremia m, 34 50 
blood chloride in, 132 
pancreatic with loss of chlorides and 
alkali 133 

Fistulae gastrocolic effect on feces 146 
volume of gastnc contents in 125 
in anus feces in 147 
jejunocolic effect on composition and 
consistency of feces 146 
Flagellates collection of specimens for, X51 
identification of 451 
in feces interpretation of, 151 
with diarrhea 150 
Flasks volumetnc, 330 
Fluid accumulations 284-288, 522 523 
disappeanng polyuria in 29 
oliguria in, 28 
urinalysis m 26 

decreased absorption of, oliguna from 28 
decreased ingestion of, oliguna in 28 
deprivation blood volume in, 22s 
plasma volume in 225 
excessive loss of, oliguna in 28 
forced contraindications to, 28 
indications for 28 

intake deficient, plasma protein in 40 
in ascites, 158 

indications for limitation of 13 28 
insufficient decreased intracranial 
pressure in 295 
Fluke cat in man 154 456 
Fluoroscope, use of in inserting duodenal 
tube 133 442 

Foam cells in bone marrow, 2or 318 
in spleen <02 218 
test for bile pigments in urine 356 
Focal infections, normocytic anemia from 
2x3 

Fobn $ colonmetnc method for blood sugar 
estimation, 390, 392 

Tontaine technic for fragility of red cells 
499 

Food fads anemia from 212 
residues m fasting stomach contents 130 
in stomach contents 436 
Foods acidifying 75 
alkalizing 75 

foreign protein injection eosmophilia from 
240 

formic acid production of 84 
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Fractional reduction test for glycosuria, 58, 
92 

test meal, 123, 131, 436 See stomach 
contents 

Fractures, leukocytosis in, 237 
sedimentation rate In, 257 
Fragility test of red cells 197, 498 
Fontaine technic 499 
Giffin and Sanford method, 498 
in diagnosis of anemia, 187 
m hemolytic icterus 197, 215 
in sickle cell anemia 216 
normals for 197 
technic, 498 

Free hydrochloric acid See stomach con 
tents 

Freezing point of cerebrospinal fluid 291 
of plasma 291 
Frequency of urination 29 
Friedman modification of Aschheim Zondek 
test lor pregnancy 316, 525 
in ectopic pregnancy 317 323 
in pernicious vomiting of pregnancy 317 
quantitative, 3t7 
Froehhch s syndrome 114 
basal metabolism in 106, 114 
dextrose tolerance curve m 67 114 
From s syndrome, causes of 299 
cerebrospinal fluid 10 297 
fibrinogen in, 299 
protein in 299 

Fructose 60 348 See levulose 
Furunculosis serum calcium in 108 

Galactose estimation of, technic, 375 
in urine, in liver disease 61 
occurrence of, 61 

tolerance test of liver function 6i, 143, 
159 

in severe liver damage 158 159 
technic of 378 

C all bladder concentration of bile in 135 
disease of 156 

distress following Riegel meal in 131 
hypermotility of stomach in, 1 5 
emptying of 135 
formation of mucin in 135 
hydrops of 13s 
iso lodeikon in study of 143 
phenol tetraiod phthalein sodium test in 
study of 143 

roentgenographic visualization of sub 
stances used in 134 143 


Gallstone colic, gallstones in feces following, 
147 . 444 

Gallstones, 13&-14S See also jaundice 
obstructive 

and cafaum bilirubinate crystals 133 156 
and cholesterol crystals 133, 156 
and Infections of biliary tract 135, 156 
calcium bilirubinate granules in bile with 
i 33 , 442 

cause of obstructive jaundice 137 158 
159 

cholesterol crystals m bile w ith 133 
cholesterol in 444 
composition of 135 
formation of 135 
m feces 147, 444 
in hemolytic icterus 160, 215 
Gangrene gas neutrophilia in, 239 
pulmonary, sputum in, 282 
Gasometnc method of alkali reserve esti 
mation, 398 

Gassing war sputum in 282 
Gastric. See Stomach 
Gastnc fistula alkali reserve estimation in 
78 

alkalosis from, 87 
blood chlonde in 132 
creatinine in 34 37 
urea clearance in 34 36 
urea nitrogen in, 32, 34 
phenolsulphonphthalem test in 31 3 4 
juice composition of 119 
formation of hydrochloric acid in 119 
intrinsic factor in, 119 169 
mechanism governing hydrochloric acid 
secretion m 119 

normal hydrochloric acid content of 
1 19, 124 

normal volume of 120 123 124 
pepsin in, 1x9 126 
secretion of 119 120 
action of drugs on 120 
cephalic phase of 120 
effect of adrenalin on 1 20 
effect of alanine on 120 
effect of atropin on 120 
effect of emotions on 120 
effect of histamine on 120 
gastnc phase of 120 
intestinal phase of 120 
mucosa agonal erosions of blood in 
stomach contents from J 29 
tetany 87, 109 
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Gastric ulcer 15 s See peptic ulcer 

Gastritis chrome atrophic achylia in 127 
increased mucus in gastnc contents in 

124 

phlegmonous pus in stomach contents in 
130 

Gastrocolic fistulae effect on composition 
and consistency of feces in 146 

Gastroenteritis acute m tnchuuasn 153 
neutrophils in 238 

Gastroenterostomy, volume of gastnc con 
tents following 125 

Gastrointestinal symptoms stomach con 
tents examination indicated 121 
due to amebic infestation 151 
examination of feces for parasites in 
150 

in worm infestation 152 
tract benign tumor of stomach con 
tents in 12$ 129 
blood from in feces 147 148 
carcinoma of 154 
achlorhjdna in 126 
anemia in 154 211 217 220 
blood in feces in 147 148 
residual stomach contents in 129 
congenital attesia of diagnostsof 150 
diseases of examination of feces in 146 
disorders of 118-160 
ketosis in 73 

hemorrhage from color of feces in 147 
anemia from 206 21 1 
loss of white cells in 228 
obstruction of 121, 155 
Gaucher cells 218 219 
Gaucher s disease 218 
bone marrow in 201 218 
leukopenia in 245 
splenic puncture m 202 218 
Gees disease serum calcium in 107 108 
symptoms of 108 

Genital secretions examination of 285 524 
tract secretions or exudates from cause 
of albuminuria 17 

Genitourinary tract infections of 49 50 
hematuria in 21 
pyuna in 24 

inflammations of 24 29 50 
neoplasms of hematuria in 21 50 
Gerhardt s test for aceto acetic acid 345 
German measles leukopenia in 243 
plasmacytosis in 244 250 
Giardia lambha in feces 152, 451 
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Giffin and Sanford method for fragility of 
red cells 194, 498 
Gigantism 114 
basal metabolism m 105 114 
dextrose tolerance test in 66, 114 
glycosuria in 60 1 14 
Glanders leukocytosis in 237 
Glandular fever 266 See infectious 
mononucleosis 

Globulin and colloid osmotic pressure, 285 
in plasma 39-41, 405 
in serum 39-41 405 
m spinal fluid interpretation of 291, 298 
qualitative test for 518 
m unne 14 342 

Glomerular filtrate normal composition of 
12 

Glomerulonephritis 45 47 See nephritis 
glomerular 

Glossitis in idiopathic hypochromic anemia 
212 

in pernicious anemia 207 
Glucose 55 See dextrose 
Glycerol of fat in carbohydrate metabolism 
55 7i 

Glycin creatine in unne after use of 31s 
Glycogen formation of 55, 134 
disease Von Gierke s 64 
dextrose tolerance in 68 
hypoglycemia in 64 
Glycogenolysis s6 134 
Glycosuria 56-60, 345 346 
after intravenous saline solution 59 
alimentary 59 318 
hormone influence on 96 
and dextrose tolerance test 66 
causes of 58-60 

fractional reduction test for 58 92 
m acromegaly 60 114 
in cerebral trauma 60 303 
in coma 303 

in diabetes melhtus 58, 92 
in exophthalmic goiter 60 1 1 2 
in gigantism 60 1 14 
in pregnancy 59 318 
in traumatic coma 60 303 
normal 57 

persistent causes of 60 
temporary causes of 59 
tests for 345 346 
Glycuronates in unne 57, 58 
tests for, 347 348 
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Gmeltn Rosenbach test for bile pigments, 
356 

Goat’s milk anemia, 223 See anemia, 
goat’s milk 

Goiter adenomatous, 96, ira 

basal metabolic rate m 105 na 
classification of, 96 
colloid 1 13 

basal metabolic rate in, 105 
exophthalmic, ZIZ 
basal metabolic rate m, 105 
blood cholesterol in, 42, no, na 
blood iodine in, no 
dextrose tolerance curve m 66 107,1x2 
diarrhea in, na 
glycosuria m, 60, na 
iodine therapy in, roj, zn 
sedimentation rate in, na 
simulated b> neuro es, 105 
treatment of, in 
vomiting in, n 2 
simple 113 

Goldstein s heredofamilial angiomatosis, 
275 See hemangiomatosis familial 
Gonadotropic hormone of anterior pituitary 
97 

Gonads disorders of, x 16 
Gonorrhea, eosinophiba in, 24t 
pyuna in, 24 

simple leukocytosis in, 237 
Gonorrheal proctitis pus in feces from r49 
Gordon test 219 
Gout serum calcium in 109 
unc acid in 42 

Graafian folbcle c>sts differentiation from 
ovarian cysts, 2 88 
Graduated cylinders 330 
Gram s stain 508 
of sputum, 515 

Grant and Cone test, for spinal cord tumors 
29S 

for subarachnoid block 295 
Granuloblasts Plate V, 246 
identification of 480 481 
in acute granulocytic leukemia 246, 262 
263 

in bone marrow in cbloroma 201 
in granulocytic leukemia, 201 
normals for, 200 

in chronic granulocytic leukemia, 246 
262 264 

in myelophthisic anemia 203 2x7 246 


Granuloblasts, in splenic puncture in aleu 
kemic granulocytic leukemia, 202 
Granulocyte senes cells of, 161-165, 
Chart I, Plates H, IV, 228-267, 
478-484 See granuloblasts pro 
granulocytes granulocytes meta 
granulocytes, rbabdocytes lobocytes 
formation of, 162-168 
immature forms of, Plate IV, 246-248, 
476-484 

in aplastic anemia, 201, 204, 220 
m bone marrow, in agranulocytosis 
2or, 246 

in aleukemic leukemia 201 
erythroblast ratio in bone marrow, nor 
trials for, 200 

-erythrocj te ratio in bone marrow nor 
malsfor 200 

Granulocytes, 161-164, 167, Plate IV, 248, 
478-479 

in aplastic anemia 204 220 
in bone marrow, normals for 200 
in chronic granulocytic leukemia 248 
261-265 

m myelophthisic anemia 206, 217 247 
maturation of Chart 1, 167 
morphology of Plates n, IV, 246-248 
basophil 248 See also basophiba and 
basophils 

identification of 479 
eosinophil 248 See also eosinophiba 
and eosinophils 
identification of, 479 
neutrophil 248 See also neutrophiba 
and neutrophils 
identification of 478 
Granuloma inguinale leukopenia in, 245 
Granulopenia 245 
in agranulocytosis 245 
in bone marrow dysfunction 204 220 
245 

in lymphocytosis 244 245 
malignant, 245 See agranulocytosis 
Growth hormone of anterior pituitary 97 
Gudiac test for blood in urine technic 358 
Gum shellac poisoning erythrocytosis u> 

227 

Gums swelling of, in monocytic leukemia 

263 

Haden Hauser hemoglobin method, 47° 

Hair balls in stomach 125 
Halometer, use of, rgo 496 
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Hand Schuller Christian type of xanthoma 
tosts 219 See xanthomatosis 
Hanot s cirrhosis 146 157 
Haskins Sahh hemoglobin methods 462 
Hay fever eosinophiha in 240 
Hayero s solution 184 471 
Head injuries coma from, 303 307 
cerebrospinal fluid in 295 304 307 
Headache effect on peristalsis 120 
hypoglycemia and, 6s 
m uremia 52 

of hypertensive cardiovascular disease 
cerebrospinal fluid pressure in 295 
Heart decompensated acidosis in 83 
basal metabolism in 106 
cerebrospinal fluid pressure in 295 
edema in 284-287 
gastnc hemorrhage in, 129 
increase of carbon dioxide in blood in 
79 

lactic acid metabolism in 83 
sputum in, 280-283 
urinalysis in 15, 18 26 
urobilmogenuna in 138 139 
disease congenital ery tbrocytosis in 
226 

erythrocytosis in 226 
gastrointestinal complaints in tji 
icterus index in 141 
passive congestion of liver in 141 
of lung in 141 280-283 
pulmonary infarcts in 140 282 
sedimentation rate in 257 
vital capacity in, 2S9 
disorders of 280-289 

Heat coagulation test for proteinuria 
technic of 344 

production in metabolism 94 98 
Hemangioma splenic puncture contra 
indicated in 202 
Hemangiomatosis familial 275 
Hcmatemesis 128, 434 See stomach con 
tents blood in 
causes of 128 129 
in Banti s disease 128 157,218 
with cirrhosis of liver 157 218 
Hematogenous jaundice, 136, 139 rar 
259 196 214-217 See jaundice hema 
togenous 

Hematology 161-279 438.50® See also 
blood Indexes red cells white cells 
etc 
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Hematology advantages of a uniform 
system of 458-461 
collection of capillary blood for 458 
of venous blood for, 458, 461 
in diseases of urinary system 38 53 
precautions for use of venous blood in 
461 

routine 171,458 
special 487-506 
table of normals, 172, 505 
venous blood for, 461 
Hematopoiesis, 161-170 
dualistic theory of 165 
monophyletic theory of, 165 
polyphyletic theory of 165 
Ilematoporphynnuria 3 356 
Hematuria 19-22, 340, 341, 351, 357 
causes of 19, 20, 21 
essential, 21 

from Schistosoma hema tobium 21 154 
from sulfapyridine, 30 
m eclampsia 50,321 
in hemorrhagic disease 2r 273-276 
in tuberculosis of kidney ro 50 
in tumors of kidney 20 so 
three glas3 test in 19 
Hemochromatosis 59 
hyperglycemia in 63 
Hemoglobin, 177, 462-471 
and menstruation 186 
antipernicious anemia principle in forma 
lion of, 170 185 203 
carbamate, and acid base equilibrium 
74 75 

coefficient calculation of 179,488-495 
normal values for 179-iljr 
variations with age and sex 180 
deficiency of from acute blood loss 206 
deficient production of, anemia from 

204 220 

derivatives 23 51 306 
identification of m blood 415,416 
in urine 34 358 

destruction of, 22 sr 136 170 i 9 6 205 
214-217 

anemia from 206 214-217 
urobilinogen from 139 170 196 
diurnal variations In 186 
effect of muscular exertion on 186 
of pregnancy on 184 316 3 , g 
estimation of 362-371 
acid bematin method of Cohen and 
Smith 469 
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Hemoglobin, estimation of, blood iron 
method 470 
Dare method 470 
Haden Hauser method, 470 
Haskins Sahli method, 462 
modified Osgood Haskins method 468 
Newcomer method, 470 
Osgood Haskins method, 465-469 
photometer method 470 
Sahli method, 469 
Tnllqvist method 470 
van Slyke 9 gasometnc method 469 
formation of 170 

identification of, in urine, 240 357, 358 
in acute glomerular nephritis, 38 213 
in chronic glomerular nephritis 38, 213 
in hypochromic microcytic anemias 

2IO-2I2 

in pernicious anemia, 207 
in polycythemia, 188, 225 
m pregnancy 184,316 318 
m sickle cell anemia 216 
w subacute glomerular nephritis, 38, 213 
insufficient for oxygenation cause of 
acidosis, 83 

loss of anemia following 206 211 
normal, in acute blood loss, 206 
in increased red cell destruction 205 
214 216 

values for 172, 176-179 
pathologic variations in 186-188, 203, 
227 

physiologic variations in, 184-186 
table for determining per cent by Osgood 
Haskins method, 465-467 
for transforming per cent to grams 

489 450 

variations with age and sex, 176 
Hemoglobinemia, 22, 35, 51, 216 
and anemia 2 16 

Hemoglobinuria, 22, 51, 216, 340, 358 
albuminuria in, 17 
anemia from 216 
anuria from 35, 51 
from snake bite 22, 215 
impaired renal function from 35 51 
in malaria 22, 298 214 
Maichialava type 23 
oliguria from 28 
paroxysmal 22 

Donath Landsteiner test for 22 512 
erythrocytosis in, 212 
nocturnal 23 


Hemoglobinuria, Wxnckel s epidemic of 
newborn 22 

Hemolysin auto and iv» 22 
Hemolysis anem>> fnm 205 214 217 
causes of, 22, 214--17 
Hemolytic icterus, 215 

bile pigment m untie in, 137 215 
cause of 215 

differentiation from Banti & disease 218 
fragility test in, I97> 215 
gall stones fa 137 
Icterus index in 141, 196, 215 
increased bile pigment in, 135 
jaundice in, 141, 159 
leukocytosis, simple, in 237 
microcytosis in, 190, 215 
normocytic anemia in, 215 
red cell diameter fa 190, 3*5 
red cells spheroid in, 190, 215 
reticulocytes in X95» 2x5 
symptoms of, 2x5 

urobilinogen excretion in 139 1 49i 
196, 215 

van den Bergh test in 14* 2I 5 
volume index in, 190 2x5 
jaundice See hemolytic icterus 
poisons 22,51,214 

serum reactions hemoglobinuria in 22 
Hemophilia 273,275 

bleeding time in 270 273 27S 
capillary resistance m 273 27S 
coagulation time in 270 273 275 
clot retraction m, 27° 273 a 7S 
erythrocytosis in, 227 
hematuria in, 21 
heredity of 273 
platelet count in 271 273 275 
serum calaum in 108 


symptoms of 273 
Hemoptysis 282, 5x4 


See sputum blood 


blood in stomach contents from 129 
Hemorrhage acute 206, 214 
blood typing in 276 
volume following 224 
causes of 19 128 i47 206 2x4 282 
erythrocytosis following 227 
hematologic findings in 206, 214 
leukemoid blood picture in to 4 


leukocytosis in 237 
reticulocytes in 196 
anemia following 206,211,2x4 
causes of acidosis 83 
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Hemorrhage cerebral, 30S 

cerebrospinal fluid cell count in 297 
color of, 296 
pressure in 294, 304 
icterus index in 142 3«a 308 
sedimentation rate in 257 
chronic, 206, 211 
reticulocytes in, 196 
eflect on feces of, 147 
on spleen of 168 
external anemia from 206 21 J 
icterus index in, 142 
gastrointestinal 128 147 
in aplastic anemia 204 220 
in Banti s disease 129 157 217 
in cirrhosis of Uver 157 218 
in hemophilia 273 
in leukemias 261 263 
in purpura 273 

internal anemia following 205, 214 
eflect on red cells of 205 
jaundice in 136 141 159 
leukocytosis in 237 
sedimentation rate in, 257 
urobihnogenuna in 139 1 59 
intracranial 52 294 296 297 304 3°7 
308 

leukocytosis follow ing 237 246 266 
platelet count in 271 
post-operative latent jaundice in 141 
subarachnoid spinal fluid in 296 311 
subdural spinal fluid in 296 3x1 
ventricular spinal fluid in 296 
Hemorrhagic diseases 268-279 
blood in feces in 149 
in Stomach contents from 129 
typing in 276 

capillary resistance test in 270 275 
diflerential diagnosis of 273-276 
of newborn 274 

bleeding time in, 269 275 
clot retraction in 270 275 
coagulation time in 270 275 
platelets m 275 
prothrombin in 273 274 
splenic puncture contraindicated in 
202 

symptoms of 273-276 
table for diflerential diagnosis of 275 
infarcts 141 282 
jaundice in 141 282 
sputum in 282 
urobihnogenuna in 139 


Hemorrhoids, anemia from 206 21 1 
blood in feces from 147, 149 
proctoscopic examination in 149 
rectal examination in 149 
with cirrhosis of U\ er 157 
with portal obstruction 148 218 
Hemostasis and spleen, 269 
biochemistry of 268 269 
disorders of, 268-279 
mechanism of, 268-269 
physiology of 268 269 
Henoch s purpura 274 See purpura 
simple 

Hepann 134 268 
Hepatic disease 133-160 
hypoglj cemia in 64 
severe coma from 64 309 
ducts formation of stones in, 13 5 
Hepatitis 138, 140 143, 158, 159 
diffuse icterus index m 140 
impairment of liver function in 140 
i43 x 59 

leucin and tyrosin crystals m 25 144 
from toxins or poisons 138 140 158 
galactose test m 143 
levulosuna in 61 
postarsphenamine, 158 
syphilitic 158 
icterus index in 140 
urobihnogenuna in 138 
Hepatocellular jaundice 159 
Hepatogenous jaundice 138 140 143 
Heredity of blood groups 276-279 
of hemophilia 273 

Henna diaphragmatic blood in stomach 
contents from 1 29 
Herniation of cerebellum 292 
Ayala s quotient in 296 
in intervertebral disc 295 299 
Herpes zoster spinal fluid cell count in 297 
Hippunc acid synthesis of r 2 145 
Hirudin 268 

Histamine edema from 384 285 
effect on secretion of gastric juice 120 
test 123 x 3t> 435 
for achlorbydna 126 
in pernicious anemia 123 126 
indications for 123 
normals for 130 441 
technic of 435 

Histiocytosis lipoid 218 See Gaucher s 
disease Niemann Pick’s disease and 
xanthomatosis 
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Histiocytosis lipoid bone marrow in aoi 
spleen in, 202 

History, prerequisite to laboratory exam 
ination, 4 

Hodgkin’s disease, 219 
basophilia in, 242 

differentiation from Hants's disease 218 

eosinopbiha in, 241 

fever in, 213 

Gordon test in, 319 

hematuria in 21 

leukemoid blood in, 265 

leukocystosis in, 337 

leukopenia in 245 

lymph node examination in 202 

monocytosis in, 243 

normocytic anemia m 219 

obstructive jaundice from 159 

symptoms of 319 

Hogs Balantidium cob in feces of 152 
Homogentisic acid in unne 57, 349 
Hookworm American in feces 153, 456 
European in feces 153, 456 
infestation hypochromic microcytic ane 
nua from 21 1 214 
ova Plate VIII, 456 

Hormone in unne in pregnancy, 314, 3:6, 
525 

influence on bone marrow of, 169 
Hormones 55-57, 72 94-97, 3*4 3»6 
of adrenals, 97 
of ovanes 97 
of parathyroids 97 
of pituitary 97 
of placenta, 97 
of testis, 97 
of thymus 97 
Howell Jolly bodies 193 
Huppert Cole test for bile pigments 356 
Hydatidiform mole Aschheim Zondek test 
for 317 

pernicious vomiting with, 319 
Hydramwon 323 
Hydrobibnibin formation of 136 
Hydrocephalus Ayala’s quotient in 296 
increased cerebrospinal fluid pressure in 
294 

internal Ayala s quotient in 296 
Hydrochlonc acid formation of in stomach 
xi9 

in stomach contents 1 24, 226, 127 
Boas’ test for 437 
Congo red test for 437 


Hydrochlonc add m stomach contents 
TSpfer’s test for, 438 
loss of, alkalosis from 86 
Iljdrogen ion concentration of stomach 
contents, 126, 12S 439 
of unne, 8o, 341 
Hydronephrosis 49 
and uremia 52 
hematuna in, 20 
kidney function in 14 34-49 
Mosenthal test in 30 
in pregnancy, 322 
Hydrops of gall bladder 135 
Ilydrothorax 286 
vital capacity in 289 
Ilymenolepis nana in feces 152, 454 
ovum, Rate VUI, 454 
Hyperchlorhydna causes of 127 
differentiation of peptic ulcer from 
syphilis or cancer by 128 
m peptic ulcer 128, 15s 
Hypercholesterolemia, prognosis from in 
diabetes melhtus 42, 91 
Hyperemia of stomach effect on formation 
of mucus in 125 
Hyperglycemia causes of, 62 
cerebrospinal fluid in 301, 304 
detection of from cerebrospinal fluid 518 
5*1 

in diabetes melhtus, 62 92 308 
transient 63 
Hypennosis, 41 

Hypennsulmism dextrose tolerance test 
in 68 

hypoglycemia in 63 
Hypernephroma 20 50 

Hyperparathyroidism calcium phosphate 
calculi in -6 109 
serum calcium in, jog 
phophatasem no 
phosphate in 1 10 

Hypeipiesis 45 48 See hypertensive 

cardiovascular disease 
Hyperpituitarism 114 
basal metabolism in 105 ri 4 
dextrose tolerance in 66 1x4 
glycosuna in 60 1 14 
hyperglycemia in 62 114 
Hypeipnea 90 

a Bruit reserve estimation in 79 
alkalosis from, 87 9° 

Hyperprotememia 40 
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Hypertension and low reserve kidne) 32a 
and renal ischemia, 13 40 
as indication for laboratory tests 14,53 
basal metabolism in 106 
benign 45 48 See hypertensive cardio 
vascular disease 
cerebrospinal fluid in *93 
essential, 4s 48 See hypertensiv e 
cardiovascular disease 
in eclampsia 321 

indications for laboratory tests in 53 
malignant 43 48 See hypertensive 
cardiovascular disease 
Mosenthal test in, 30 

Hypertensive cardiovascular disease, 45, 48 
albuminuria in, 1$ 
and eclampsia 321 

and low reserve kidney in pregnancy 322 
and uremia 32 
anemia absent in 38 
basal metabolism in 106 
blood creatinine in 33 37 
urea clearance in 33 36 
nitrogen in 32, 33 
volume in 224 

concentration and dilution test in 31 
dissecting aneurvsm in 142 
exacerbations of in pregnancy 314 322 
glycosuria in 60 

headache of increased intracranial pres 
sure in 295 

hematuria absent in 20 
hyperglycemia in 63 
icterus index in 141 
in pregnancy 314 322 
increased night volume of urine in 30 
kidney in 13 
Mosenthal test in 30 
phenolsulphonphthalein test in 31 33 
polyuna in 29 

ratio of night to day volume in 30 
simulated by pyelonephritis 50 
sputum in 282 
Hyperthyroidism 94-117 
achlorhydria in 127 
basal metabolic rate in 105 III XM 
blood cholesterol in 42 no 112 
blood iodine in in 
creatinuna in 313 
dextrose tolerance test in, 66 
effect of iodine therapy in 102 in 
glycosuria in 60 
grades of 103 
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Hyperthyroidism hyperglycemia in, 62 
hyperplasia of thyroid parenchyma in 
96 

Hypertonic solution intravenous injection 
of intracranial pressure in 295 308 
Hypochlorhydna causes of 127 
histamine test in 130 
in carcinoma of gastrointestinal tract, 
127 155 

m pregnancy 127 
lactic acid in 128 

Hypoferric anemias 210 See anemia, 
hypochromic microcytic 
Hypoglycemia 63 
cause of coma 305, 309 
from allergy, 64 
from insulin protamine zinc, 63 
in children 64 

in cyclic vomiting of children 64, 83 
in diabetes melhtus 92 
m eclampsia 321 
in extirpation of liver, 134 
in hypennsulimsm 63 
in infants 64 

m liver damage 64 137 158 
in liver disease 64 

in pernicious vomiting of pregnancy 320 
in pregnancy 315 

in Von Gierke $ glycogen disease 64 
terminal 63 

transient and excessive insulin produc 
tion 64 

symptoms of 65, 309 
Hypomosis 41 
Hypoprotememia 40 
and edema 284-286 
v, ound healing poor in, 41 
Hyposthenuria 31 
Hypothyroidism 106, 112 
achlorhydria in 127 
basal metabolism in 106 
blood cholesterol in 42 no 
cause of 1 1 2 

deficiency of thyroid parenchyma in 96 
Hysteria and sedimentation rate in 333 
coma in 307 
polyuna in, 29 

Icterus gravis 138 

neonatorum 221 See erythroleuko 
bias tests 

hemolytic 21s See hemolytic icterus 
index 139 196, 410 
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Icterus, index, after cerebral vascular acci 
dent 142, 305, 308 
m acute blood loss, 142, 206 
in aplastic anemia, 204, 320 
in brain hemorrhage, 142, 305, 308 
m carotmemia, X39 410 
in cerebral vascular accidents 30s 
m cirrhosis of liver, 140 157 
in diagnosis of anemia, 139, 241, 142, 
187, 196, 204-323 
irt ectopic pregnancy, 141, 323 
m encepbalomalacia, 142, 308 
in erythrocyte destruction 196 
m erythroleukoblastosis, 141, 221 
in hemolytic icterus, 141, 215 
in latent jaundice, 141 
in malaria 141, 198 
in malignant tumors, 141, 155 
in myleophthistc anemia, 2o 3 217 
in normocytic anemias, 212-223 
in obstructive jaundice 136 140 158, 
159 

in pernicious anemia, 14 1 207 
in plasma normals for, 43 140, 422 
in serum, normals for 43 240, 423 
m sickle cell anemia 14 1, 196 326 
in syphihtic cirrhosis of liver, is8 
increased causes of 140 
interpretation of 140-143 
low causes of 142 

with positive tests for bile pigments or 
salts, 137 
neonatorum 14 1 
Ileitis regional 108 146 148 
Ileum digestion and absorption in, 145 
tuberculosis of blood m feces in 148 
Inanition, basal metabolism in 107 
Index color 179-181, 187, 288, 488-495 
See also indexes color volume and 
saturation 

relation to corpuscular hemoglobin 
179-181 

relation to hemoglobin coefficient 179- 

x8x 

saturation 183, 187, 188 488-495 See 
also indexes color volume and 
saturation 

and achromia Plate I 193 
low, iron therapy indicated 21 1 
relation to corpuscular hemoglobin 
concentration 183 


Index, volume 180 182, 183, 187, 188,488- 
495 See also indexes color, volume 
and saturation 
and cell diameter, 190 
relation to corpuscular volume, 180, 
282 

relation to volume coefficient, 180 182 
Indexes color, volume and saturation 

17P-1S3, 188, 487-495 

calculation of, 48-495 
in acute blood loss 206 
in anemia of chrome hemorrhage 206 
21 1 

in aplastic anemia 204 220 
in Bantis disease, 157, 218 
in biliary tract inflammation 156 213 
in carcinoma of gastrointestinal tract 
154, an, 3x7, 220 
in cirrhosis of liver 158, 309, 218 
in cretinism 113,219 
m diagnosis of anemias 187, 188, 203- 

223 

in hemolytic icterus 188 190, 215 
in hypochromic microcytic anemias 
188, 203 204 206 2X0-212 
in increased red cell destruction 205 
2 14-2 17 

in iron deficiency anemias 203 210- 

212 

in leukemias 205, 209, 2i7i 261-265 
in macrocytic anemia 203 204 207- 
209 

in myelophthisic anemia 205, 217 
in myxedema 1x3 219 
in nephritis 38, 213 
in normocytic anemias 188, 212-221 
«3 

m pernicious anemia 188 203 207- 
209 

in polycythemia rubra vera 225 
in pregnancy 184, 316 3 J 4 
in sickle cell anemia 216 
in splenomegahc anemias 217-219 
m ulceration of intestine 146 2x1 
normal values for 172, X79~*®3 
tables for simplified calculation of 489- 
492 

therapeutic indications of 188, 207, 
211 

Indican in blood 43 
in unne test for, 3S8 
Indigo crystals in urine 353 
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Infantilism creatinuna in, 315 
pituitary, 1x4 
Infants, anemias of 221 
blood volume m 224 
cerebrospinal fluid blood in 296 
examination of feces from 146 iso 
hemoglobin coefficient in 180 i8t 
hemoglobin in 178, 179 
hyochromic microcytic anemia in 223 
hypoglycemia in 64 
leukemia in 223 262 266 
macrocytic anemia in 209 
milk anemia in, 212 
neutrophil lobocytes in 230 233 
rhabdocytes w zjs 333 248 
normocytic anemia in 22 3 
plasma volume in 224 
platelet count m 271 
premature anemia m 212 
red cell count in 172 175-177 
volume in 182 
sputum collection in 281 
tubercle bacilli in stomach contents of 

130 

typhoid fever in, leukocytosis in 239 
volume coefficient in 180 182 183 
von Jaksch s anemia m 221-223 
white cell count in 172 230 231 
Infarcts hemorrhagic effect on red cells of 
Sos 

latent jaundice in 141 214 
urobilmogenuna in 139 
pulmonary in heart disease 141 
sputum in 282 
Infections 228-267 
acute plasma protein in 41 
platelet count in 271 
and bactenologic study 258 
B monocytogenes monocytosis in 243 
chronic, anemia m 212 
leukopenia in 244 
serum protein in 41 
contraindication to spinal puncture 292 
culture in 258 
degenerative index in 483 
dextrose tolerance test in 67 
eosuiophilia in 241 
gastric hemorrhage in 129 
hemorrhagic tendency in 276 
hyperglycemia m 62 
leukemoid blood in 265 
leukocytosis in 237-243 252 
leukopenia in 244-246, 252 


Infections lymphocytosis in 242 244 
monocytosis in 243 
neutrophilia in, 238, 239, 248, 252 
normocytic anemia from 212, 213 
of meninges coma from 309 310 
of throat, in acute leukemias 260 263 
in agranulocytosis 245 
in aplastic anemia 204 220 
reticulocytes in 212 
sedimentation rate in 253-257 
severe leukemoid blood picture in, 265 
streptococcic nephritis in 15 45 46 
sulfanilamide in 49 80 261 
sulfapyndme in 261 
urinary 49 5° 
urobilmogenuna in 139 
Infectious mononucleosis 242, 260, 266 
See mononucleosis infectious 
Davidsohn s test for 261 
differentiation from lymphocytic leuke 
mia 266 

fenestrated lymphocytes in 251 
Influenza, leukopenia m 245 
Influenzal pneumonia sputum in 282 
Inoculation of guinea pig for tubercle 
bacilli 258 284 507 516 523 
Insanity creatinuna m 313 
hypoglycemia in 63 
leukocytosis in 237 
serum bromide in 306 
Insulin S5 72 
coefficient 69 

deficient supply in diabetes mellitus 53 
excessive production of hypoglycemia m 

63 

in carbohydrate metabolism function 
of 55 

in oxidation of dextrose 53 71 72 
injections serum phosphate after no 
liberation of hormone influence on 96 
overdosage of and hypoglycemia 63 
poisoning hematunam 20 
protamine zinc hypoglycemia from 63 
requirement determination of 70 
therapy blood sugar during 62 92 
cause of coma 63 303 309 
in hemochromotosis 59 
serum calcium after 109 
Interpretation of laboratory data 5 
Intervertebral discs herniation of sub 
arachnoid block from 296 
Intestinal contents composition of 143 
in stomach zz8 120 
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Intestinal, obstruction, 121, 155 
alkali reserve in 77, 84, 87 
alkalosis from 86, 87 
anhydrcmia in, 50 
blood chloride in 132 
blood creatinine in, 34, 37 
blood urea clearance in, 34, 36 
blood urea nitrogen in, 32, 34 
from Ascans lumbncoides, 153 
leukocytosis in, a$7 
phenolsulphonphthalem test in, 31, 34 
volume of gastric contents m, 1 34 
parasites, 147. iS<^-X54i 447‘457 
eosinopbilia from 240 
indication for search for, 150, 240 
sieve method of finding 147, 444 
phase of gastric juice secretion, 1 20 
rate tests for, 145 444 
sand 444 

tract bacterial content of, 145 
biochemistry of 145 
contents of 145 
disorders of, 145-156 
end products of digestion in 145 
normal frequency of defecation, 145 
pathology of 145 
physiology of 145 
Intestine short 108 146 
tuberculosis of 148, 156 
ulceration of 155 
Intoxication 305,307 
Intracranial hemorrhage 296 307, 308,311 
cerebrospinal fluid m 290-301 
pressure increased causes of 294 295 

304 

increased precautions in spinal punc 
tint in 291 
tumors, 31 1 

cerebrospinal fluid in, 290-301 
Intravenous saline solution 59 87,132 133 
Intrinsic factor 119 169,170,203 
in stomach contents 1x9 
Introduction 3 

Intussusception blood in feces in 148 155 
See intestinal obstruction 
Inuhn clearance 37 
Iodameba wilhamsi 151 448 
Iodine content of thyroxin, 95 101 
effect on basal metabolism 102 
in blood 110,111 
Iodine eosm stain for atnebae 448 
Iron deficiency anemias x88 203 310-2x2 
See anemia hypochromic microcytic 


Iron deficiency anemias, effect on color of 
feces, 147 

effect on red cells of, 185, 188, 203, 211 
effect on reticulocytes of, 195 
in blood, calculation of, 177, 470 
in blood, method of hemoglobin estuna 
tion, 470 

in formation of hemoglobin 170 
storage of, bj hver, 135 
therapy, hypochromic microcytic anemia 
indication for, 188 303 211 
Iron hematoxylin stain for atnebae 450 
Iso Iodeikon as liver function test 143 
test m study of gall bladder 143 
Isoleucin, glycogen formation from 55 
Isosthenuria, 31 


Jansky blood groups, 277, 51* 

Jaundice, acholunc z $ 7 190 I97. 2I 5 See 
hemolytic icterus 
and prothrombin, 134 
and vitamin K, 134 
blood coagulation in, 134 158 273 275 
carotinemia differentiated from 139, 410 
catarrhal, 137-144. *58 

degree of impairment of liver in, 143 
icterus index in, 140 
impairment of liver function in, 13$ 
I37-X44 158 

leucin and tyrosin m unne in 25 144 
levulosuna in 61 
urobilmogenuna in 138 
clinical, icterus index in 140 
complete obstructive 137, 139 *4° X S 8 
See jaundice obstructive 
dissociated 134 
epidemic, 158 

examination of feces in i47 *49 
from Ascans lumbncoides 153 
hematogenous 136 139 141, i59> I 9 6 > 

314-217 

causes of 146, i59 2I 4 _2I 7 
icterus index m 141 
serum calcium m 108 
van den Bergh test in 142 
hepatocellular 159 

hepatogenous icterus index m 138 >4° 


158 159 

•an den Bergh test in, 142 
XUS index in 139 

mhosis 140 J 57 , 

complete obstruction of ampulla ol 
rater XJ7 See jaundice obstructive 
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Jaundice in complete obstruction of biliary 
tract, 137 See jaundice obstructive 
in favism 22 
in Hanot s cirrhosis 158 
in Laennec s cirrhosis, 140, 158 
in syphilitic cirrhosis of liver 158 
latent hematogenous icterus index in 
141, 142 

obstructive 136 137, 140 158, 159 
albuminuria in 17 
bile salts in blood in 134 
in urine in 134 137 
bleeding time in, 375 
blood in feces in, 149 
causes of 158, 159 
causes of bleeding in 134 273 275 
caused by gall stones 133 156 
coagulation time in 275 
color of feces in 147 
duodenal contents in 133 
feces in 147 149 
fragility test in 197 
galactose test in 143 
hemorrhagic tendency in, 273 275 
icterus index in 140 
m carcinoma of head of pancreas 154 

158 

of liver 154 

prothrombin time in 273 275 
pruritus in 134 

test for urobilinogen in feces in 149 
therapy of 27s 
urobilinogenuna in 137-139 
van den Bergh test in 142 
partial obstructive 136 *59 See jaun 
dice obstructive 
serum phosphatase in no 
sputum in 282 
xanthochromia in 296 
Jejuno-colic Cstulae effect on composition 
and consistency of feces 14 S 
Jejunum digestion and absorption in 145 
Joint fluid examination of 258 286 507 
522 

Kahn test 259 See syphilis serologic tests 
for 

Kala azar 198 
eosmophiha in 240 
hypcrproteinemu in 40 
hypoglycemia in 64 
leukopenia in 24 s 
splemic puncture In 202 


Kala azar splenomegaly in, 198 219 
sternal puncture in, 201 
Kary oblasts 162 166, Plate I, 193, 481 
identification of 481 
in bone marrow 201 
in pernicious anemia 201 20S 
normals for, 200 

m chrome granulocy tic leukemia 193, 201 
in er> throleukoblastosis 193 221 
in myelophthisic anemia, 193 201, 205 
217 

m pernicious anemia 193 208 
occurrence of 193 

Karyocytes 161-163, 166 Plate 1, 193, 201, 
202-223 

identification of 481 

Ketogemc hormone and pernicious vomit 
ing of pregnancy 72 
of anterior pituitary 97 
ketosis 7t>-73 344 
acidosis from 72 82 
alkali reserve estimation in 77 83 
and excretion of fixed acid by kidney 76 
causes of 73 

following anaesthesia 73, 84 

from ketogemc hormone of pituitary 7 a 

in coma 303 

in diabetes melhtus 73 92 308. 309 
in diarrhea 73 84 

in pernicious vomiting of pregnancy 73 
3*4 3*8 320 
in pneumonia 84 
in pregnanev 314 318 320 
in vomiting 73 84 
indications for testing for 73 
mode of production of 70, 71 
relation to acidosis 72 
unc acid in 42 
with alkalosis 87 
Kidney amyloid disease of 51 
casts in unne in 18 
congo red test in 42 
oliguna in 28 
anatomy of tl 

antipermcious anemia principle in 169 
calculi 25 26 100 354 355 
bematuna in 20 

carcinoma of hematuria in 20 50 
chronic impaired function of 26-53 
congenital poly cystic 49 
albuminuria in 17 
blood creatinine in 34 36 
blood urea clearance in 34 36 
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Kidney, congenital polycystic, blood urea 
nitrogen in 32, 34 
hematuria in, 20 
Mosenthal test in 30 
pbenolsulphonpbthalcm in, 31, 34 
damage, acute, concentration and dilu 
tion test in, 31 
casts in unne in, rS 
chronic, concentration and dilution 
test in, 31 

in hypertensive cardiovascular disease 
45 48 

with congestive heart failure absence 
of urobilinogen in urine m, 15 139 
disease XX-53 
albuminuria in, 14, 15 303 
and formation of Nil* from urea 77 
bilateral diffuse, 13, 44-53 
blood creatinine in, 34 37 
blood urea clearance m 34 36 
blood urea nitrogen in 32 34 
phenolsulphonphthalem test in, 31 
34 

urine sediment in, 18-26, 43 
blood calcium in 39 
blood phosphate m, 39 
casts in 18 303 
unilateral, 13, 49 50 
pbenolsulphonpbthalein test in 31 
urinalysis in, 26, 31 
disorders of, 11-53 
excretion of acid and base by 76 
fatty degeneration of, 24 
function, 11-53 

blood creatinine test of 34 37 
blood urea clearance test of, 34 36 
blood urea nitrogen test for, 32-35 
dilution and concentration test of 31 
grades of impairment of 43 
impaired acidosis in 38 77 78 83, 85 
alkali and acid therapy in 38 8s 
alkalosis m 86 

and excretion of alkali by kidney 76 
anemia in 38 213 
anhydremia 34 50 See anhydremia 
blood phosphate in 39, no 
chloride retention absent 38 39 132 
chrome laboratory tests indicated 
*5-53 

concentration and dilution test in 31 
indication for alkali reserve 38 78 
indications for laboratory tests in 53 
m tuberculosis of kidney so 


Kidney, function impaired, inorganic sul 
phates in serum in 43 
oliguria in 27 
urea clearance lest in, 36 
urobilinogen absent from unne in 
*39 

Mosenthal test of, 30 
phenolsulphonphthalem test of 31,361 
tests of, 26-43 
in diagnosis of anemia 187 
value of 43 

urea concentration tests of, 43 
impairment, 33, 34 
chronic, urea concentration test in 43 
in artenolosclerosis 48 
in atherosclerosis 48 
in excretion of acid unne function of 76 
infarction of hematuria in 20 
injury, toxic in pneumonia 84 
low reserve 322 

neoplasms of, hematuna in 20 50 
one function of 26 
phenolsulphonphthalem test in 31 
papillae, hematuria from 21 
parenchymatous degeneration of 15 
passive congestion of, 15 
albuminuria in *5 
blood creatinine in 34 37 
blood urea clearance in 34 36 
blood urea nitrogen in 32 34 
casts in 18 
hematuna in 20 
m pregnancy 16 318 
phenolsulphonphthalem test in 31 34 
pathology of 13 

pelvis calculi in See calculi renal 
physiology of, ir 

polycystic 49 See kidney, congenital 
polycystic 

primary contracted 43 45 See hyper 
tensive cardiovascular disease 
secondary contracted 45 47 Seenephn 
tis chrome diffuse 
syphilis of, albuminuria in 15 
trauma to albuminuna from r7 
hematuna from, 20 
pyuna from 24 
tuberculosis of 50 
albuminuna in 17 
hematuria in 20 
pyuria in 24 
tumors of, 20 50 
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Kline test 259 See syphilis serologic tests 
for 

Koch Week s bacillus 288 
Kolmer test 259 See syphilis, serologic 
tests for 

Kupffer cells, role in liver function 135 
hussmaul breathing, alkali reserve mdi 
cated 77 308 

Labor effect on white cells 236 316 
Laboratory data interpretation of 5 
reliability of 7 
diagnosis principles of 4 
purpose of course 3 
relation to other subjects 3 
examination planning of 4 
forms 339 

tests when to repeat 4 
Lactic acid acidosis 83 
and conservation of base 76 
in cerebrospinal fluid 291 
in plasma 29 1 

in stomach contents 122 128,155 439 
production in muscle 100 
Lactose in uruie 57 61, 345-348, 372-376 
m pregnancy 61 315 318 
Cole s test for 347 
fermentation test for 346 
identification of technic for 346-348 
osazone test for 346 
quantitative estimation of 372-376 
Laennec s cirrhosis 158 See cirrhosis 
Landstemer classification of blood groups 
277, S« 

Lange test in cerebrospinal fluid 299, 521 
Lange s test for aceto acetic acid technic of 
345 

Lead poisoning 51,214 See also poisoning 
albuminuria in 1 7 
anuria in 28 

basophilic stippling in 192 
blood creatinine in 34 37 
urea clearance in 34 36 
urea nitrogen in 32 34 
fragility test in, 197 
leukopenia in 245 
normocytic anemia from 214 
oliguria in 28 

phenolsulphonphthalem test in 31 34 
porphyrinuria m 23 
reticulocytes in 196 

Lee and White method for blood coagula 
tion time 270, 503 


Leishman Donovan bodies 198, 201 202 
Leishmama infantum 198 
tropica, 198 

Leishmaniasis bone marrow in, 198 201 
normocjtic anemia in 214 
splenic puncture in 198 202 
Leprosy hyperprotememia in 40 
leukopenia in 245 

Lethargic encephalitis 312 See ence 
phahtis lethargica 

Leucin crystals in urine 25, 144 353 3S5 
Leukemia 261-267 

basal metabolism m 105 
Bence Jones proteinuria in 18 
blood uric acid in 42 
volume increased in, 224 
classification of 262-264 
differential diagnosis of 261-267 
disintegrating cells in 235 
granulopenia in 245 
hematuna in, ai 
in infants 223 266 
leukemic 262 
leukocytosis in 237 
leukopenic stage diagnosis of 201 245 
261-266 

loss of white blood cells in 228 
lymph node examination in 202 
macrocytic anemia in 200 
mitotic cells in 250 
myelophthisic anemia in 205, 217 
nature of 262 

obstructive jaundice from, 159 
peroxidase stain in 249 
plasmacytes in Plate VI 243 251 262 
volume in 224 
platelet count in 272 
abnormal in Plate VII 
proteosuria in 18 
pseudo infantum 221 
remission of 264 
reticulocytes in 196 
Rieder cells in Plate V 
sedimentation rate in 257 
simulation of in acute osteomyebtis 
266 

splenomegaly in 219,261 263 264 
subleukemic 262 

symptomatic purpura hemorrhagica 
from 274 275 
uric acid in 42 
acute 263 
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Leukemia, aleukemic, 201, 262 
bone marrow in, aox, 262-267 
differentiation from aplastic anemia, 
201, 2 at, 26 5 

leukopenia in 245, 262, 265 
chronic, 264 
eosinophQic, 241, 262 
granulocytic, 262-266 
artefacts in, 25* 
basophilia in, 24a 
blood volume in, 224 
bone marrow in, 201 
differentiated from lymphocytic leu 
Lemia 262 
eosinophil 1.1 m, 241 
error in diagnosis of, 265 
erythrocytosis in, 22$ 
granuloblasts in 201 246 262 
granulocytes In, 201 248, 262 
karyobtasts in, 193 
leukocytosis in 237 
metagranulocytes in, 248, 362 
peroxidase stain In, 249 
platelet count in, 272 
polylobocytes in 251 
progranulocytes in 247 261 
leukemic 262 
lymphocytic 261-264 
acute 263 

bone marrow in, 201 
differentiation from infectious mono 
nucleosis 243, 261, 266 
lymphoblasts in aor 248, 262 263 
Paul and Bunnell test in, 26 1 
peroxidase stain in, 249 
platelet count in 272 
prolymphocytes in 349, 261-267 
aplastic anemia terminal from, 221 
chrome 234 

differentiated from whooping cough 

26s 

lymphocytosis in 243 
platelet count in 273 
megalokaryocytic 261-264 
monocytic 243 249 262-265 
monoblasts in 249 262 
monocytosis in 243 
promonocytes in Plate VI 249 262 
myelogenous 262-266 See leukemia 
granulocytic 

plasmaeytic Plate VI 243, 250 262 
differentiation from multiple myeloma 
250 


Leukemia subacute 263 
subleukemic, 262 

Leukemic cells, nucleoli in 262, 263 
Leukemoid blood pictures 264-267 
Leukocytes 161-168, 228-267, 478-484. 
See white cells 

Leukocytosis, 235-244 See basophilia, 
eosinophiha, lymphoc) losis monocyto- 
sis neutrophilia, and white cells 
absolute 237 
relative 237 
simple, 237 
causes of, 235-238 
phjsiologic causes of 23^ 

Leukopenia 244-246 
from infection Overwhelming 252 
from radium 01 erdosage 204 221,245 
from roentgen ray overdosage 220 24S 
in agranulocytosis 245 
in anemias 217,220 245 
m aplastic anemia 204, 220 24, 
in Banti s disease, 157 217 
in benzol poisoning 304 220 245 
in cirrhosis i57» 217, 218 245 
in Felly’s svndrome 245 
in Hodgkin’s disease 219, 343 
m leukemia 245 262, 265 
in lymphosarcoma 219,245 
in malaria 198, 245 
m malnutrition 24? 
in measles 245 
in permaous anemia 208 245 
in poisoning 245 

in portal obstruction 317 245 248 
in psittacosis 245 
in splenic obstruction 217 218 24S 
in tuberculosis 2 44 24 5 
in typhoid fever 245 
in ulceration of intestine 156 245 
in undulant fever, 245 
simple 244 

with lymphocytosis 245 
Leukopoietic system disorders of 228-267 
Leukorrhea 151 152 288 323 
Trichomonas vaginalis in 152 28S 323 

Leukorrheal discharge, examination of 288 
52 5 

Levulose identification of technic 345 
346, 348 

quantitative estimation of 375 
Levulosuna 57 60 
congenital 60 
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Levulosuna in catarrhal jaundice 61 
in cirrhosis of liver, 61 
in diabetes mellitus 60 
in subacute hepatitis 61 
Ligament laceration of sedimentation rate 
in 257 

Ligamentum flavum, hyperplasia of, 296 
299 

subarachnoid block from 296 
Linitis plastica, volume of stomach con 
tents in 125 

Lmzenmeier method of sedimentation rate 
determination 353 502 
Lipemia diabetic 91 

blood cholesterol in 42 91 
fat droplets in unne sediment m 24 
Lipoid droplets in unne 24 353 
from tubercle bacilli monocytosis from 
243 

histiocytosis 218 See Gaucher's dis 
ease, Niemann Pick's disease and 
xanthomatosis 

metabolism 55 56 7^*73 94 a*8 
anomalies of 218 
nephrosis 45 46 See nephrosis 
Literature evaluation of 8 
Liver abscess 139 141 

differentiation from malana of «43 
due to amebic infestation 131 
sputum in 281 282 
urobilinogenuna in 139 
amount necessary for normal function 
i3S 

amyloidosis of congo red test for 4*. 144 
antipermcious anemia principle in 169 
blood formation by 165 
carcinoma of 154 155 
bromsulphalem test in 143 
degree of impairment of hver in, 143 
icterus index in 141 
superimposed on Laennecs cirrhosis 
*44 157 

urobilinogenuna in 139 
with cirrhosis 157 
cirrhosis of 13 7-1 44 *56,157 
macrocytic anemia in 209 
damage 137-144 138 
ammo acid content of blood in 134 
of unne »n 134 

ammonia nitrogen of unne in 81 144 
bile salts in blood in 134 
pigments in 134 139-142 
blood dotting in 134 273 27s 
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Liver damage, bromsulphalem test in, 143 
fibnnogen values in 41 
galactose in unne in 61 143 
hypoglycemia in 64,137 
icterus index in 139-142 
leucin crystals in unne in 25 144 
proteosunain j 8 
reaction of unne in 80 
sedimentation rate in 41 257 
serum phosphatase in, 110 
total nitrogen of unne in, 81 
tyrosm in unne in 25 144 
urobilinogenuna in, 13 7-139 
van den Bergh test in 142 
destruction of hemoglobin in 136 
disease J33-*45 , *5S-i6o 
hypogly cemia in 64 
hypoprotememia in, 41 
impaired renal function m, 35 
macrocytic anemia in 209 
sedimentation rate m as7 
echinococcus cy sts of icterus index in 141 
enlarged m Gaucher s disease 218 
in hemochromatosis 59 
extirpation effects of 134 
extract effect on reticulocyte count of, 
*95 

leukocytosis from, 236 
formation of bihrubm in 136 
functions of *33-145 
dye tests for 134 143 
technic of 412 

galactose tolerance test for, 61 143 
technic of 378 
impaired *37-145, 154-160 
causes of 137-145 158 
in acute yellow atrophy, *37-145 

*58 

in carcinoma of liver 135,139 141 
*55 

in cirrhosis of liver 137-144 *56, *57 
in hepatitis 135 137-144 *58 
in icterus gravis 158 
in patchy lesion of hver, 135 137- 
144 155 160 

phenolsulphonphthalcm test 1032 
role of hepatic cells in 135 
stellate cells m 135 
tests *37-*45 

inedampsia 158 321 
in eclampsia 158,321 
In erythroleukoblastosis 221 
La en nee’s orthosis of *37-145 136, 157 
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Liver meal for pancreatic deficiency, 150, 
447 

passive congestion of, ascitic fluid in, 144, 
285 

in heart disease, 141 
patchy lesions of, galactose test in, 143 
icterus index in, 141 
protein formation in, 135 
regeneration of, 13S 
syphilis of icterus index in, 140, 157 
urobilinogenuna in 138 157 158 
Taenia echinococcus cysts in, 153 
tumors of obstructive jaundice from 159 
yellow atrophy of, 137-144. 158, 3*3 
acute renal function in, 35 
bromsulphaiem test m 143 
icterus index in, 140 158 
in pregnancy, 158, 314, 3*3 
ty rosin and leucin m urine in 25 144 
158 

Zucherguss " ascitic fluid in, 144 
I obocytes 162, 233, 234, 478, 479 See also 
basophils eosinophils, neutrophils 
basophil, 162, Plate II, 234, 479 See also 
basophilia and basophils 
eosinophil 162, Plate n, 233, 479 See 
also eosinophiba and eosinophils 
neutrophil 162, Chart I, Plate H, 233, 
478 See also neutrophilia and neu 
trophils 

absolute values for 333 
identification of 478 
in aplastic anemia 204 220, 245 
in bone marrow , normals for 00 
in m>elophthisic anemia 205 217 237 
normals for 172,230, 233 
variations with age, 230 
Loeffler’s methylene blue stain 507 
Lumbar puncture techmc of, 292 
Lung See also bronchus and pulmonar> 
abscess, amebic 151 
sputum in 281, 282 
vital capacity in 289 
adhesions of, vital capacity in 289 
atelectasis of carbon dioxide tension in 
82 

erythrocyte sis in, 226 
blood in feces from 148 
m stomach contents from, 129 
brown induration of latent jaundice in 
141 

deficient aeration of blood in cause of 
acidosis 83 


I ung disorders of 280-289 
cause of acidosis, 83 
gastrointestinal complaints 121 
erythrocytosis in, 226 
vital capacity in 289 
edema of, vital capacity in, 289 
effusions around vital capacity in 2S9 
excretion of carbon dioxide by, 76 
fibrosis of, erythrocytosis in, 226 
vital capacity in, 289 
infarction of sputum in, 281, 282 
vital capacity in 289 
passive congestion of in heart disease, 

141 

latent jaundice in 141 
sputum in 281, 282 
Taenia echinococcus cysts in, 153 
tuberculosis of 280-289 See tuberculo 
sis, pulmonary 

tumors of, sputum in 280-282 
vital capacity in 289 
I ymph nodes biopsy of, 202 
in Hodgkin s disease 219 
in lymphosarcoma 219 
blood formation in 165 169 
enlargement of obstructive jaundice 
from 159 
puncture in 20a 
m leukemia, 202 261-265 
puncture of 202 
tuberculous, leukopenia in 345 
Lymphadenosis 266 See leukemia lym 
phocytic and mononucleosis infectious 
Lymphatic tissue blood formation m, *65 
169 

Lymphoblasts Plate V, 248, 480, 481 
identification of 48®. 48* 

in acute lymphocytic leukemia 262 263 

in bone marrow m infectious mononucleo 


sis 201, 266 

in lymphocytic leukemia 362-266 
rraphoblastoma 219 See Hodgkin s dis 
ease and lymphosarcoma 
nnphocytes Plate HI, I&>, «4. < 8 »> 
absolute values for 234 
effect of muscular exertion on 235 
fenestrated nuclei in 251. 
formation of, 169 

and liberation of, 228 
identification of 48°. 48* 
in acute lymphocytic leukemia 262 a®3 
m bone marrow normals for 200 
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Lymphocytes, in chronic lymphocytic leu 
kemia 262 264 
in leukocytosis 337, 242, 244 
in whooping cough 242 265 
large 162, Plate V See prolymphocytes 
maturation of 162, Chart 1, 169 
monocyte ratio in tuberculosis 243 244 
normals for, 172, 230, 234 
variations nith age, 230 
Lymphocytic choriomeningitis 310 
cell count in 297 
coma from 3(0 

Lymphocytosis, 242, 243, 244 249 262 265 
266 

relative, 242, 244 245 See leukopenia 
simple and granulopenia 
Lymphogranuloma inguinale hyperpro 
(anemia in, 40 
Lymphosarcoma, 219 
hematuria in 21 
leukemoid blood picture in, 265 
leukocytosis in 237 
leukopenia in, 245 
lymph node examination in 202 
monocytosis in, 243 
normocytic anemia in 219 
obstructive jaundice in 159 

Macrocytes 189 
in pernicious anemia 189 208 
Macrocytic anemias, 188, 207 See anemia 
macrocytic 

Macrocytosis causes of 189 
Macropolycytes, 251 See polylobocytes 
Magnesium in cerebrospinal fluid 291 
in plasma, 291 

oxide administration of alkalosis from 
86 

phosphate crystals in urine, 353 
sulphate flow of bile from 133 442 
phenolsulpbonphthalem test after ad 
ministration of 32 362 
Malana, Frontispiece, 197, 198, or 14 
484 

anemia in 198 20 0 214 
bone marrow in 201 
diagnosis of, 197, 484 
differentiation from artefacts 251 
from liver abscess of 243 
double tertian 198 
effect on red cells, 205 214 
eosmophilia in 240 

estno autumnal Frontispiece, 198 486 


Malana, examination for, 484-487 
hemoglobinuna in 22, 51 2r6 
icterus index in 14:, 196 198 
in diagnosis of anemia 187 
jaundice in 141, 159 
leukopenia in 198 245 
moist cover slip preparations in 191 
484 497 

monocytosis in, 198 243 
neutrophil rhabdocytcs in, 248 
normocytic anemia in 198 214 
parasites morphology of Frontispiece, 
484-487 

pigment in white cells in 198, 101 
platelet count in 272 
quartan, Frontispiece, 198, 486 
red cells m, 486 
red cells in 486 
reticulocytes in, 196 
splenic puncture in, 202 
splenomegaly jn, 219 
symptoms of, 22 197, 198, 214 
tertian. Frontispiece, 484, 485 
Schueffner’a granules in red cells in 485 
urobilwogenuna in, 139 sq 6 rg8 
white cells in, 198 245, 248 
Malignant tumors anemia from 205 206 
an, 217 220 
effusions from 287 
negative nitrogen balance in 81 
of gastrointestinal tract, 154 
Malnutrition anemia from 212 
basal metabolism m 107 
ketosis in, 73 
leukopenia in 245 
platelet count in 271 
Malta fever See undulant fever 
Maltose m urine 61 
Mandelic acid acidosis from 80 
in urinary infections 49 
therapy, unne pH for 80 
Marchiafava hemoglobinuria 23 
Marriott test for carbon dioxide tension 8a 
Marrow 199-201, 499 Sec bone marrow 
Marschalko plasma cells 162 Plate VI, 250 
See plasmacytes 

Massage effect on white cells of 236 
Mastoiditis and meningitis 2 92 97 310 
cerebrospinal fluid in 295 297, 310 
neutrophilia in 239 
McLean urea index 43 
Measles leukopenia in 245 
plasmacytes in 244 250 
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Measles, German, leukopenia in, 245 
plasmacytes in, Plate VI, 244, 250 
Meckel s diverticulum blood In feces from 
148 

Meconium, absence of cornified epithelium 
in, 150 

Medicolegal interpretation of blood chloride 
estimation, 132, 133 
use of blood typing, 277-279 
Medullablastoma, tumor cells In cerebro 
spinal fluid in 29S 

Megaloblasts 161-164, Plates I, V See 
karyoblasts 

Megalokaryocytes, characteristics of, Plate 
VII 

formation of 166 
in bone marrow, 201 
platelets from 166, Nate VII 
Melanin in unne, test for 356 
Meltzer Lyon technic for removal of duo 
denal contents, 133, 443 
Mendelian heredity of blood groups, 277 
Memngismus cerebrospinal fluid in 95 
Meningitis, 290-304, 309, 3:0 
adhesions from, 296 
Ayala’s quotient m, 296 
cerebrospinal fluid cell count m, 397 
chloride m, 301 
coagulation in 399 
dextrose in, 301 
pressure in, 294 309 
protein in 298 
xanthochromia of m, 296 
coma from, 309 
Lange test in 300 

spinal subarachnoid block in 295, 299 
acute leuk ocytosis in 239 
aseptic causes of 310 
epidemic 290-304 309 

hemorrhagic tendency in 276 
memngococcic, hemoglobinuria following 
serum reaction, 22 
mumps 297 

serous Ayala s quotient in 296 
syphilitic cerebrospinal fluid in 290-302, 
310 

tuberculous, cerebrospinal fluid in 390- 
302, 310 

cell count in 297 
chloride in 301 
coagulation in 299 
dextrose in 301 
coma from 310 


Meningitis tuberculous leukocytosis in, 
239 

special tests for, 302 
tryptophane test for 296 
xanthochromia in, 296 
typhoid, leukocytosis in 239, 309 
Menorrhagia anemia from 206, 211 
Menstruation blood loss in, 186 
effect on basal metabolism of, 101, 103 
vicarious hematuria in 21 
Mental state, effect on basal metabolism, 
100 

Mercury combining power of cerebrospinal 
fluid 302 520 
in coma 204 
in unne, test for 359 
poisoning 51, 308 
albuminuria in, 17 
alkali rescr> t in 83 
anuna in, 28 
blood creatinine in 34 37 
urea clearance m 34, 36 
urea nitrogen in, 32, 34 
epithebal cells in unne in 24 
fat droplets in unne sediment in 24 
hematunain 20 
leukopenia in 245 
nonnocytic anemia from 214 
oliguria in, 28 

phenolsulphonphthalem test in 32 34 
reticulocytes in 196 
Reinsch test for 339 
Mesenchyme blood cells from 165 
Metabobcrate basal 94-117, 4 J 3“433 
children’s standards 99» 43°“43 l 
decreased, causes of 106 
definition of, 98 
determination of 423-433 
effect of age on 99 
caffein on 102 

desiccated thyroid on 101 

dietary habits on 100 

digestion and absorption on 100 
dilaudid on 102 
dmitro-0-cresol on 102 
dimtrophenol on 102 
epmephnn on, 102 
full bladder on, 103 
iodine on 102 
menstruation on 101 
mental state on 100 
morphine on 102 
muscular exertion on 99 
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Metabolic rate effect of pituitary prepara 
tions on 102 
race on 99 
sex on, 99 
sleep on jox 
surface area on 98 
in edema, 99 
thyroglobuhn on 10 1 
thyroxin on 101 
thyroxin polypeptide on, 101 
in acromegaly, 105, 1x4 
in Addison s disease, 106, 115 
in adenomatous goiter 105, 112 
in adult pituitary obesity 106, 114 
in anemias 106 
in asthenia 107 

in cardiac decompensation 106 
in chills 103 106 
in chorea xoo 106 
in convulsions 106 
in cretinism 106, 1x2 
m diabetes melhtus 98 107 
in dyspnea 100 106 
in edema 99 107 
of nephrosis 107 
in emaciation, 107 
in exophthalmic goiter 104 ixx 
to fever 103 

in Froehlich's syndrome 106 1x4 
in gigantism, 106 114 
in hyperpituitarism 105 1x4 
in hypertension 106 
in hypertensive cardiovascular disease 
xo6 

in hyperthyroidism 105, Hi 
in hypopituitarism ro6 1x4 
in hypothyroidism 106, 112 
in inanition 107 

in increased protein metabolism 106 
in leukemia 105 263 
in malnutrition 107 
in muscular contractions involuntary 
106 

in myxedema 106 xxa 
in obesity 106 1 14 
in pain, 103 106 
in partial starvation 107 
in pernicious anemia 106 
in pituitary cachexia x 14 
in polycythemia rubra vera 220 
in pregnancy 101 3x5 
in Simmond s disease 1x4 
in thyroiditis 1x3 
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Metabolic rate in thyroid malignancy, 113 
in tics 100 106 
in undemutntion 107 
in use of thyroid preparations, xor xx r 
“3 

increased, causes for 105 
influence of chills on 100 rod 
discomfort on 103 
drugs on 101 
fever on 103 
pain on 103 

physiologic factors on 98 
shivering on xoo, 103, 106 
tissues or tissue extracts on 101 
instructions to patients before 103 
interpretation of abnormal results 104, 
X07 

normals for 104 428-432 
principles involved in 98 
surface area m obesity 99 
Harris Benedict standards for 429 430 
Sage standards for 428 
standards for children 430-432 
Talbot standards for 431, 432 
Metabolism abnormalities in diabetes 
melhtus 55, 56, 70—73. 97 98 
carbohydrate 55-93 
energy 94-117 

excessive of fats and proteins ketosis in 
73 

fat 55. 70~73 94 
protein 55 7 0-73, 81, 94 
calculation from total nitrogen of 
urine of 81 

excessive negative nitrogen balance in 
81 

water influence of liver on 135 
Metabolor care of 425 432 
Metagranulocytes 161-164 Plate IV, 248, 
252, 478 479 

basophil 248. See basophilia and baso 
phDs 

identification of 479 
eosinophil 248- See eosinophiba and 
eosinophils 
identification of 479 

neutrophil 248. See neutrophilia and 
neutrophils 
identification of 478 
in bone marrow 200 201 
Metakaryocvles 161-164, Plate 1, 193 201, 
203-223, 481 

in anemias 193 201 202-223 
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Metakaryocytes, in bone marrow 200, 201 
in erythrolcukoblastosis, 193, 221 
m leukemias, 193, 201, 205 2x7 
Metamyelocytes 162, Plate IV, 248, 252 
See mctagranulocytes 
Metastascs to bone Bence Jones protein 
una in, 18 

mjelophthisic anemia in 205, 217 220 
Methemoglobinemia, 23, 51, 2:6, 416 
Methcmogtobinuna, 23 35 51, 340 358 
albuminuria in, 17 
anuna from 35, 51 
causes of 23 

impaired renal function from, 35, 31 
oliguria in, 28 

Methenammc poisoning hematuria in, 20 
use of and pH of urine, 80 
Methiomn, gl> cogen formation from 55 
Methods choice of, 7 
testing accuracy of, 7 

Methyl alcohol poisoning acidosis in 84 
Methylene blue stain, 507, 5:5 See also 
methylthiomne chlonde 
Methylthiomne chlonde stain indications 
for, 258 
technic of 5:5 

Metrorrhagia anemia from 206 an 
Mettes test for determination of peptic 
activity 126 440 
normals for 441 
Micro blood sugar method 392 
Microcy tosis Plate I 189 
in hemolytic icterus 190 215 
Micrometry, technic of 33 r, 495 496 
Microscope, care of 330 
use of, 330 

Milk goat s anemia from 209 212 223 
Millons test for t> rosin m urine 25, 144 
158 355 

Mineral oil in feces 147 447 
Miner s cramps blood chloride in 132 
Mitosis in blood 250 
Mitral stenosis erythrocytosis m 226 
Moist cover slip preparation 191 497 
in diagnosis of anemia 187 191 
in sickle cell anemia 191 216 
indications for 19 1 
technic of, 497 

Monoblasts 162 Plate V, 168 249 480,481 
identification of 480 481 
in bone marrow, 201 
in monocytic leukemia 262 


Monocytes 162 Plate m, 168, 234, 243 
absolute values for 235 
histogenesis of, 165, 168 
identification of, 480 
in bone marrow, 201 
normals for, 200 
in monocytic leukemia 262 
in splenic puncture In lipoid histiocytosis 
202, 218 

increased formation and hberation of 228 
maturation of, 162, 168 
normals for 172 234 
Monocytic leukemia, 261-265 
monocytosis in 243, 262 
Monocytosis, causes of 243 
in malaria, X98, 243 

Mononuclear cells See lymphocytes and 
monocy tes 

Mononucleosis infectious, 243 260 266 
bone marrow in, 20 r 
differential diagnosis of 243 249 266 
Ieukeraoid blood in 266 
lymphocytosis in 242,243 
Paul and Bunnell test for, 260, 5x2 
peroxidase stain m 249 495 
prolymphocytcs in 249 266 
Monophyletic theory, 165 
Morax Axcnfeldt bacillus 288 
Morbus maculosus V erholfu 273 See 
purpura hemorrhagica 
Monbund patients blast enses in 193 
blood creatinine in 34 37 
urea clearance in 34 3® 
urea nitrogen in 32 34 
neutrophil morphology in 252, 483 
oliguria in, 28 

phenolsulphonphthalem test in, 3 r 34 

Morphine effect on basal metabolism of 102 

glycosuria following administration of, J9 
poisoning and excretion of carbon dioxide 
by lungs 76 

carbon dioxide tension in, 82 
cause of acidosis 83 
coma from 308 
compensated acidosis m 89 
Mosenthal test combined with night to day 
volume ratio 30, 360 
in chrome nephritis 30 

m hypertensive cardiovascular disease 3® 

modified indications for 3® 
interpretation of 30 
normals for 3° 
technic of 360 
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Moss Wood groups 277 511 
Mucin addition to bile of 135 
formation in gall bladder of, 135 
in feces 147, *48 

in stomach contents 118 119 no 125, 
43*5 

m unne, 18 342 
Mucoid 18,342 
Mucoprotein iS 342 
Mucous colitis feces in 148 
Multiple myeloma See myeloma, multiple 
Multiple sclerosis 312 

cerebrospinal fluid in 291-301 312 
cell count in, 298 
Lange in 299 300 

Mumps cerebrospinal fluid cell count in 
297 

leukopenia in 24s 
meningitis 297 
white cells in 243 264 
Muscle cramps from loss of neutral chlo 
ndes 132 

fibers in feces 150 447 
laceration of sedimentation rate in 257 
pains in trichinosis *51 153 
production of lactic acid in 76 100 
Tnchmella spiralis larvae in 151 154 
453 4SS 


Muscular activity and lactic acid metabo 
hsm 7 6 100 

effect on metabolic rate of 99 
spleen of 168 
leukocytosis from 235 
atrophy creatinuna in 315 
negative nitrogen balance m, 81 
contractions involuntary basal metab 
ohsm in 100 103 106 
djstrophy creatinuna in 315 
use of glycin in 315 
exertion effect on hemoglobin of 1 86 
effect on red cell of 
white cells of, 235 

Myasthenia gravis creatinuna in 315 
hypoglycemia in 6a, 

Myeloblasts i6j Plate V, ,46 See 

granuloblasts 

Myelocytes ,6,, Put, IV, s 4 S See 

granulocytes 

Myelogenous leukemia 
leukemia granulocytic 

Myetad cell, , 6i _ i64 Sec , 

«nes cells of 


232-235 


Myeloma, multiple Bence Jones protein in 
serum in, 40 

Bence Jones proteinuria m 17, 18 
diagnosis of 18 20 r 

differentiation from plasmacytic leuke 
mia 244 250 
erythrocytosis m 226 
hyperproteinemia in 40 
macrocytic anemia in 209 
myelophthisic anemia in 205 217 
plasmacytes in Plate VI, 244 250 
serum calcium in 109 
Myelosis 261 265 See leukemia granu 
locytic 

Myositis fibrosa creatinuna in 315 
ossificans serum calcium in 109 
Myotonia atrophica creatinuna in 315 
Myxedema 95 106 XX2 
anemia in 113 219 
basal metabolism in 106 m 
blood cholesterol m 42 no 2x3 
volume in 113 224 
dextrose tolerance curve in 67 113 
hypoglycemia in 63 
in thyroiditis 1x3 
indexes in 188 219 
normocytic anemia from 219 
plasma volume m 224 
postoperative 112 
simulating pernicious anemia 210 

Nails clubbed erythrocytosis in 226 
spoon in idiopathic hypochromic anemia 

Narcolepsy hypoglycemia m 63 
Nasopharynx blood in feces from 148 
Nau«ea physiologic of pregnancy control 
of 3»5 

prolonged cause of acidosis 84 
with reversed peristalsis 120 121 
Necator amencanus 153, 456 
anemia from 2 1 1 2x4 
ovum, 45 ®, Plate VIII 
Negro blood sickle cells in rgr 192 216 
Nematodes m feces 153 454 
Neoplasms hematuria in 21 See tumors 
Nephritis n-54 

acidosis in 38, 76, 78, 83, 87 
treatment of 85 
uncompensated 89 
age incidence of 45 
albuminuria in 14 
alkalosis from treatment of 86 



644 SUBJECT INDEX 


Nephritis and diabetes mellitus, absence of 
glycosuria in, 58 
anemia of, 19 38, 2x3 
blood chemistry in, 32-54 
cholesterol in, 42 
pressure in, 43-48 
classification of, 43-52 
combination of types of 47 
dextrose tolerance test in, 67 
diffuse edema in 14, 45, 46, 284-287 
etiology of, 13, 45-48 

hyperglycemia in, 62 
in febrile diseases, 15 
in pregnancy, x6, 314 3x8, 322 
leukocytosis in 237 
pathology of, 13, 45-48 
protein content of effusions In 39, 
284-287 

relative frequency of, 45 
retinopathy in, 45 
serum calcium in, 108 
synonyms 45 
types of in pregnancy, 322 
uremia in, 45-48, 52 
unne in, 14-32, 45-48 
with edema 44 45 See nephrosis and 
nephritis acute glomerular 
without edema 44 45 See nephritis, 
chronic diffuse and nephritis, sub 
acute glomerular 
acute glomerular 45, 46 
and eclampsia, 321 
and uremia 46, 52 
anemia in 38, 213 
anuria w, 28 

blood creatinine in 33 37 
urea clearance in 33 36 
urea nitrogen in 32 33 
volume in, 224 
capillary microscopy 289 
casts in urine in 18 
glycosuria in 60 
hematuria in 19 
okguna. in, 28 

phenolsulphonphthalein test in 31 33 
plasma protein in 41 
protein content of effusions in 39, 284- 
287 

chronic diffuse, 45, 47 

acute exacerbations, oliguria in 28 
albuminuria in 15 
and eclampsia, 321 
anemia in 38, 213 


Nephritis chronic diffuse, blood creatinine 
in, 33 37 

urea clearance in 33 36 
urea nitrogen in 32, 33 
uric acid in, 41 
volume in, 224 
casts in unne in 18 
concentration and dilution test in, 31 
exacerbations of, in pregnancy, 314 322 
function tests in 26-45 
glycosuria in 60 
hematuria m, 19 

increased night volume of unne m 30 
modified Mosenthal test in 30 
phenolsulphonphthalein test in, 31, 33 
plasma volume in 224 
polyuna in, 29 

ratio of night to day volume in 29 
renal threshold in, 6s 
uremia in, 45, 48, 52 
chronic glomerular 45 47 See nephn 
tis chronic diffuse 
focal embolic 45,47 
anemia in 38, 45, 213 
casts in unne in 18 
hematunain 19 21 
m pregnancy 322 
pathology of 13 45 47 
unne volume in, 45, 47 
with subacute bacterial endocarditis 
45 47 

hemorrhagic, 45-47 Seenephntis acute 
and subacute glomerular nephntis 
chronic diffuse, and nephritis focal 
embolic 

interstitial 44 45 Seenephntis chronic 
diffuse and hypertensive cardiovascular 
disease 

parenchymatous 42-46 See nephrosis 
subacute glomerular 45, 46 
and uremia, 46 52 
anemia in 38 46, 213 
blood creatinine in 33 37 
urea clearance in 33, 36 
urea nitrogen in 32, 33 
hematunain 19 

phenolsulphonphthalein test in, 31 33 
volume and specific gravity of unne in 
28 45 46 

tubular 42 45, 46 See nephrosis 
Nephrosclerosis 45 48 See hypertensive 
cardiovascular disease 
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Nephrosis 45 4 ® 
albumin globulin ratio in 41 
albuminuria in >4 15 
bile 3J 

blood cholesterol in 42 
volume la 1 14 
cause of, 13 46 

detection of by Congo red test 4? 4>4 
edema fluid in 39 284-287 
basal metabolism 10 107 
hematuria absent in 19, 45 46 
in pregnancy, 314 322 
bpoiduna In 24 
oliguria In jS 
pallor in 187 

plasma protein in 40,41,45 46 
volume In, 224 

protein content of eflusions in 39, 284-287 
sedimentation rate in 356 
Nerves splanchnic role In release of 
dextrose 56 

Nervous symptoms in worm infestation 
*5* *53 

i)stem disorders of 290-313 

cause of gastrointestinal complaints 
iJI 

differential diagnosis of 30 7'3»3 
Nervousness effect on basal metabolism 
100 

reflex polyuria from 29 
Nesder's method for nitrogen estimation 

J?o 

Neurologic »j nptoms, hypoglycemia in 63 
serum 1 rorddc In 306, 30R 
Neuroses simulating rxophthalnlc goiter 
I0J 

NeuroiyphiLs 290 jot, 3x0, Jia 
cerebrospinal fui f cell count In 297 29? 
dextrose in jar 
I-anrein 399,300 
presiure la 204 295 
protein In 298 

serologic tests for syphhi la 359 300 
Neutropenia 24$. *Ve grinulopenU 
Neutrophil mxcrop'ljrj tes 251 
rvirph'ol g> nates n IN, NT 1&7 251 

4*« 

fippioufinh Pate NT }ji 483 

p^ly 1 t«rtes i' 331 
rha* *v) Jrs, Chart 1, I*a’e It, 167 

»«N >3J is' 

staff ri* 1 !, iC» Ve fce-(rr*i!J rba* '»• 
tytn 


Neutrophilia 238, 339 
causes of 239 
definition of, 237 
laboratory tests indicated by 358 
roetagranuloey les in blood in 348, 352 
rhabdocy tes in 338,248,253 
sedimentation rate in 353 
Neutrophils Plates IT IV VI 167,230-233 
«8 147,3(8, J5>. <73 
degeneraUve index of 253 384 
identification of 478 
immature increased 238, 247, 348, 352 
483 

in bone marrow dysfunction 04 220 
*45 

in chronic granulocytic leukemia 337, 
247, 348, 262, 264 

in myelophthisic anemia 205,21, 23, 
increased formation and liberation of 228 
nuclear anomaly o? 251 
physiologic variations in 335 
segmented 162 Chart 1 Plate 11 ^ee 
also lobocyte neutrophil granul 
opema and neutrophilia 
toxic Plate VI 332, 353 483 484 
prognosis from 353, 483 
Newborn blood volume in 32j 
effret on red count of clamping coni in 
*77 

cry throlrukoblastoiis in, 222 
hemoglobin coefficient In 181 
hemoglobin in 1*9 
hemorrhagic disease of 374 275 
bleeding lime in 269 
coagulation time of 2 o 
prothrombin time in 373 
interchange of, 2,8 
neutrophil Idiocy let In 233 
neutrophil rhahdocytcs In fjj 
plasma volume {n 223 
platelet count In 271 
ml ce»l count in 177 
volume In iRj 
Kfir-entation rate in 7 54 
universal r'rmi cf, 131 cry thro 

leulol lastous 
vdamecoeffrirnt in 1*5 

white cell eojr 1 pv 231 
Newcomer rvl’od of hem gfoUa ridn 

ti-in 4 s 

N*cotL.lr ad f a-J 204 

Nwnasa I • d wise j|g 
bo rci/ro»fa i3i 
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Niemann Ihck’9 disease leukopenia in, 24 S 
splenic puncture in, 202 
Night to day volume ratio of unne, 29 360 
Nitrates, cause of methemoglobinum, 23 
Nitrazme paper, 341 
Nitrites, cause of methcmoglobinuna, 23 
Nitrogen balance 81 

determination of, 81, 367 
negative, causes of, 81 
equilibrium, 81 
estimation of, 67 

non protein of blood 35 , 386 See blood 
non protein nitrogen 
of ammonium salts estimation of, 81, 
363 See unne ammonia 
of urea of blood estimation of 3 2, 38: 
See blood urea nitrogen 
in urine, estimation of 367 
retention 32-53 
acidosis in 38, 78, 83 
alkalosis in 38, 86 
and excretion of alkali by kidne>, 76 
and formation of ammonia from urea 
in, 77 

blood urea nitrogen guide to 33 
concentration and dilution test in 31, 
S3 

dextrose tolerance test in, 67 
in amyloidosis of kidney, 51 
in eclamptic uremia, 52 
in hypertensive cardiovascular disease 
45 48 

m nephritis 45-47 
in pregnancj, 3x5 
indication for creatinine, 37 
inorganic blood phosphate in 39 no 
Nomenclature of blood cells 16X-164 
of marrow cells 161-164 
Non protein nitrogen fn blood 35 386 
See blood non protein nitrogen 
in cerebrospinal fluid 291 302 304 520 
of plasma 291 
of stomach contents 131 
ratio to urea nitrogen 43 
Non threshold substances removal by 
kidney of 12 

Norleucin glycogen formation from 55 
Normal chemistry of blood 43, 421 
findings in stomach contents 123, 441 
in unne 380 

hematology, 172, 505 •» 

values determination of 8 


Normoblasts 163 See metakaryocytes 
and karyocytes 

Nucleated cells in bone marrow 193 200, 
201 

Nucleoli in leukemic cells 262, 263 
Nudeoprotein in unne, 18 242 
Nucleotide increase of white cells by, 228 
Nutntion, effect on red cell count, 184 
212 

Obesity, adult pituitary basal metabolism 
in, 114 

dextrose tolerance curve in, 114 
basal metabolism 10,99 206,174 
blood volume in 225 
dimtro o-cresol therapy in 102 
dimtrophenol therapy in, 102 
error in surface area in 99 
hyperglycemia in, 63 
increased cholesterol excretion In 13s 
plasma volume in, 225 
therapy of basal metabolism in, xoi 
xo6 

Obstruction intestinal, 155 See intestinal 
obstruction 

pylonc, 155 See pylonc stenosis 
Ohguna, 15 27, 28 
in anhydremia, 28 50 
in diarrhea 50, 84 
in eclampsia, 5° 3 J i 
in glomerular nephritis 28 46 
m pernicious vomiting of pregnancy, 320 
Opisthorchis felineus 154,456 
Opium poisoning See morphine poisoning 
Oriental sore 199 
Oroya fever, leukocytosis in 237 
Orthotolidine test for blood in feces 445 
in unne 358 

Osazonetest technic of 346 
Osgood Haskins hemoglobin method 463- 
469 

table for determining percentage of 
hemoglobin by 465-467 
modified method for hemoglobin estima 
tion, 468 

Osgood Wilhelm method for reticulocyte 
counts 496 

Osiers disease 225 See polycythemia 
rubra vera 

Osteitis fibrosa f 

thyroidism 109 

226 
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Osteomalacia 108,324 
blood calcium in 108 
phosphate in no 
eosinophilia in, 241 
in pregnancy, 324 
pres ention of 316 
serum phosphatase in no 
Osteomy elitis acute eosinophilia in 241 
granulocytes in 248 
immature white cells in 247 248 
leukemoid blood in 265 
leukocytosis in 237 
myelophthisic anemia in 2o 3 217 
nucleated red cells in 193 
of cranial bones cerebrospinal fluid in 
292 297 310 
meningitis from 310 
of vertebrae cerebrospinal fluid in 
292. 97,320 
meningitis from, 3x0 
ahite cells in 237 241 -48 
chrome amyloidosis of kidney in 42 51 
Osteopetrosis 217 See osteosclerosis 
Osteosclerosis 217 

aplastic anemia from 204 2x7 2 o 
myelophthisic anemia from 205 217 
serum phosphatase in no 
Otitis media neutrophilia in 239 
0\ am feces 152-1 54, Plate VIU, 451-457 
concentration technic for 451 
m sputum 282 

indications for search for 282 
in unne 2r 151, 154 

Oialocytosis 191 See poikilocytosis fam 
ilul 

Ovarian cysts pseudomucin in 28S 
Ovanes hormones of 97 
Ovary arrhenoblastoma of ns 
Oraluna 26 

Oxygen consumption in metabolism 98 
debt 100 

hunger and excretion of carbon dioxide 
by lungs 79 

tents and chambers use of regulated by 
carbon dioxide tension in 81 
tjuns vermiculans 151 153 453 See 
Enterobius v ermicularis 

£aget * disease, serum phosphatase in 1 10 
basal metabolism in 101 103 
leukocytosis in 236 237 
^ Poiaowng by anemia from 192 214 
“** also lead poisoning 


647 

Paints poisoning by hematuria from 20 
Pallor 187 

Palm color and anemia 187 
Pancreas arteriosclerosis of, and diabetes 
mellitus in older persons 58 
atrophy of and diabetes mellitus in older 
persons 58 

benign or malignant tumors of, 59 
carcinoma of 155, 159 
blood indexes m 220 
icterus index in 140 

diseases of amylase concentration in 133 
amylopsm absent from duodenal con 
tents in 133 

Cammidge reaction in 61 
diastatic activity in 91 
duodenal contents in 133 442 
quantitative examination of feces in 
149 

fibrosis of ^8 

fistula from low blood chloride m 132 
function of liver meal for 150, 447 
pathologic changes in and diabetes melli 
tus in older persons 58 
tumors of hypoglycemic coma from 63, 

309 

Pancreatic ducts obstructed duodenal 
contents m 133 

enzymes in duodenal content* deter 
mination of 442 
fistula acidosis from 132 

with loss of chlorides and alkali 13 
function determination of 133 447 
Pancreatitis and diabetes mellitus 9 
hyperglycemia in 62 
interstitial maltose in urine in or 
Tandy’s test S>8 

Pappataci fever leukopenia in 245 
Paracentesis abdominis indications for and 
contraindications to 285 
Paragomraus nngen 282 See Paragon! 
mus westennam 

westerrr.ani ova of in sputum 282 
Parasites intestinal 147 150-154, 447*457 
collection of specimens for examination 
for 15 1 447 
eosinophilia from 240 
identification of 447*457 
indications for search for 150 242 
interpretation of 151-154 
normocytic anemia from 214 
ol Mood 197, 159. <S< 5“ a*nu,i, 

t-«T« tzar malaria 
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Phosphorus poisoning total nitrogen of 
urine in, 81 

urobihnogenuna in, 138 
Photclometer method of hemoglobin esti 
matron 470 

Photoelectric colorimeters, 334 
Physical examination prerequisite to labors 
tory examination 4 

Physiology, relation to laboratory diag 
nosis 4 

Phytobezoar, ia$ 

Pick's pencarditic cirrhosis 157 
Pigment in white cells in malana ig8 
Pin worm in feces, 153, 455 
Pipettes calibration of 329 
care of, 329 
types of, 328 

Pituitary, basophil adenoma of, 114 
cachexia, basal metabolism in, 107 114 
negative nitrogen balance in 8t 
disease 94-97 iQ5» *06, 1x3-115 
basal metabolism in, 76 105, 106, 114 
hypoglycemia in 63 
dwarfism 114 

hormones of in metabolism, 96 97 
hyperfunction of basal metabolism in 
X05 

dextrose tolerance test in, 66 
hypofunction basal metabolism in 106, 

114 

dextrose tolerance test in, 67 
ketogemc hormone of, 72 
obesity, basal metabolism in *14 
dextrose tolerance curve in, 1 14 
posterior lobe role in diabetes insipidus 
29 57 

preparations effect on basal metabolism 
102 

Placenta hormones of, 97 
Plant to-ans hemoglobinuria from 22 
Plasma See also serum and blood 
alkali reserve of 77-90, 396-403 See 
alkali reserve 

aitenal carbon dioxide content of 79 
Bence Jones protein in 40 
carbon dioxide combining power of 
77-90 396-403 See alkali reserve 
content of 79 
tension of 79 82 
chloride normals for 38 132 
colloid osmotic pressure of 285 
composition of xa, 291 
factor in hypertension 13 


Plasma fibrinogen, 39-41*405 See fibrin 
ogen 

hydrogen ion concentration of, 80 
regulation of, 73-77 
uon content of, 178, 470 
maintenance of normal composition of, 11 
osmotic pressure of 12 
pH of, 80 

proteins 39-41,405-408 
and clot retraction, 270 
and edema 39 40, 284, 285 
and sedimentation rate 4r 
and scrum calcium 108 109 
and wound healing 41, zjj 
deviations from normal 41 
formation of 135 
in nephrosis 39, 41, 46 
normals for 40,421 

specific gravity of and plasma proteins, 
40 

van den Bergh test for bilirubin m 142 
412 

venous, carbon dioxide content of 79 
volume, 171 *23-225 413 See also 
blood volume 

effect on red cell count and hemo 
globin, 171 184, 186, 225 
of meals on, 184 
m pregnancy 224 316 
increased, polycythemia masked by 
325 

normals for 223,421 
Plasmablasts 250 
identification of, 481 
Plasmacytes Plate VI, 250 
identification of 480,481 
Marschalko type Plate VI, 250 
in plasmacytic leukemia 2S°» 262 
Tilrk type Plate V, 250 See proplas 
macytes 

Plasmacytic leukemia 250 261-265 
Plasmacytosis 244,250 
Plasmodium falciparum Frontispiece, 19?, 
486 

malanae, Frontispiece, 198, 480 
vivax Frontispiece, 191 198, 4®5 
Platelet count, decreased 271, 27 2 5°4 
error in, 172 

in acute lymphocytic leukemia 272 
a 74 

granulocytic leukemia 271 
in Banti s disease 217 
in chronic granulocytic leukemia 271 
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Platelet count, decreased in diagnosis of 
anemia 187 
in hemophilia 273 27s 
in purpura hemorrhagica 273 275 
in splenomegalic anemias 217 
in thrombasthemc purpura 27s 
indications for 271 
normals for, 271 
technic of 504 

Platelets, abnormal forms of Plate VII 
cephalin released from 268, 269 
formation of 166 
in erythrocytosis 22s 
in hemorrhagic diseases 27$ 
in purpura hemorrhagica 273 27s 
morphology of Plate VII 
Pleocytosis 297 See also cerebrospinal 
fluid cell count 
Pleural fluid 284-288 

cultures of 258 287, 509 
examination of 522, 523 
interpretation of 284-288 
smears of 258 287 
Pleurisy sedimentation rate in 257 
Pleuritic effusions oliguria in 28 
protein in, 39 28s 519 
Plumbism See lead poisoning 
Pneumococcus typing 509 
Pneumonia acidosis in 84 
and excretion of carbon dioxide by lungs 
76 

blood culture in 258 
carbon dioxide tension in 82 
icterus index in, 142 
leukemoid blood picture in 264 
leukocytosis in 239, 252 
low blood chloride in 132 
platelet count in 272 
proteosuna in 18 
sedimentation rate in 256 
serum calcium in 108 
sputum in 280-282 
sulfapyndme therapy in 261 
tuberculous leukocytosis in 239 
sputum in 280-284 
typing in 509 
uric acid in 42 
unne chlorides m 133 
urobilinogenuru m 139 
vital capacity in 289 
Pneumonokontosu erythrocytosis in 226 
vital capacity in 289 


Pneumothorax erthyrocytosis in 226 
pleural fluid m, 286 
vital capacity in 289 
Poikilocytosis 1 90-19 1 
elliptical cell type 19: 

fa milia l 191 

in anemias 201-223 
m leukemias 20s, 217 
sickle cell type, 191, 216 
Poisoning See under names of poisons 
and in Index by Diseases 
acidosis in 83, 84 
albuminuria from 17, 303 
alkali reserve in, 78 83 84 
aplastic anemia from 204 220 
basophihc stippling in 192 
bromsulpbthalem test in, 143 
casts from 18 303 
coma from 303, 3 ° 5 - 3 ° 7 i 3°8 
edema from 285 
effect on red cells of 192, 214 
erythrocytosis from 226 227 
fragibty test m 197 
gastnc hemorrhage in, 129 
hemoglobinuria from 22 51, 216 
hepatitis from 158 
icterus index in, 140 
jaundice m 140 158 
leucin and tyrosin crystals in 25 r44 
leukopenia in 245 
liver damage from 158 
normocytic anemia from 214 
reaction of unne in, 80 
reticulocytes in 196 
stomach contents examination in, 130 
unc acid in 42 

Poisons remoxal from blood by liver, r34 
by kidney 1 2 

of gastnc contents indicated 121 
Polanscopic determination of sugars 377 
Polio mjelitis anterior 290-301,313 
cerebrospinal fluid pressure in 294 
cell counts in, 297, 298 
Polycbromatophiha, Plate I, 190 
in anemias 191, 01-223 
in leukemias 20^ 217 
Polycythemia benign familial form of 226 
blood volume determination m 224, 225 
hemoglobin in 188, 225 
laboratory tests indicated in 225 
masked by increased plasma volume 186 
225 

red cells in 225 
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Polycythemia rubra vera, 225 

and granulocytic leukemia 2251 266 
basal metabolic rate in, 225 
basophilia in, 242 
blood uric acid in, 42, 225 
blood volume in 214, 215 
bone marrow in aor, 225 
color index In, 225 
eosinophilia in, 241 
hematuria m, 21 
hemoglobin in 18S 225 
leukemoid blood in, 266 
leulcocytosts in, 237 
platelet count in, 2711 
red cell destruction in, 225 
volume in, 224, 225 
red cells in 188, 22$ 
saturation index in, 225 
serum calcium in 109 
splenomegaly m 225 
symptoms of, 225 
therapy for, 225 
volume index in 225 
white cells w 225, 237 
sedimentation rate in 237 
simulated by cholera, 225 
dehydration 225 
diarrhea, 235 
dysentery 225 
severe burns 225 
shock 225 
vomiting 225 

Folycythemias 186 188,225 *26 See also 
also erythrocytoses 
Polyglandular syndromes 1 16 
Polylobocytes 251 

Polymorphonuclears 162 See lobocytes 
neutrophil eosinophil and basophil 
Polyneuritis, 313 

From s syndrome m, 297 299 
Polyphyletic theory, 165 
Polyuria 29 
causes of 29 

in chrome diffuse nephritis 29 
in hypertensive cardiovascular disease, 

29 48 

reflex 29 

Pork tape worm m feces 152, 452 
Porphyrinuria, 23 
m pellagra 23 
test for 356 
uxobiknogenuna, in 138 


Portal vein, obstruction of 157, 2:8 
blood m feces from, 148 
in stomach contents from, 128 
leukopenia in, 217, 218 245 
with hemorrhoids, 147, 148 
stenosis of, 157 218 
leukopenia in, 217, 245 
thrombosis of, 157, 218 
leukopenia in 217, 245 
Pott’s disease 299 
cerebrospinal fluid pressure in, 294 
subarachnoid block from 296 
Pre-eclampsia, 321 
Pregnancy, 3 *4-3*4 
acute yellow atrophy in, 314, 323 
albuminuria in, *6, 318 
and low reserve kidney 322 
and renal threshold, 65, 3x4 
anemias, of, 184, 3*3 
biochemical changes in normal 314-3x6 
blood calcium in, 108, 3x4 324 
chemistry in, 3*4-319 
cholesterol in 4*, 3*4 
volume in 224*3*6 
urea nitrogen in, 33 3*5 
bone marrow in, 200 
color volume and saturation indexes in, 
185, 316, 319, 3*3 
complications of, 3*4, 3*9~3*4 
dextrose tolerance test in 65, 67, 314 
diagnosis of 3x6 
eclampsia in 50, 320-322 
ectopic 323 

acute hemorrhage from 206 
Aschheim Zondek test m 3x7, 323 
icterus index in *4* 
sedimentation rate in 257 
effect on basal metabolism xor, 315 
on red cell volume of, 224, 3*6 
on red cells of *84, 316, 323 
on white cells of, 236, 316 
exclusion of, in diagnosis of renal gly 
cosum, 65, 3x8 

Friedman modification of Aschheim Zon 
dek test for, 316-3*8, 5*5 
glycosuria in 59 3*4, 3* 8 
hematology in 184, *09, 236, 316 3*8, 
3*3 

hydraronion in 323 
hydronephrosis in 322 
hypertensive cardiovascular disease in 
3*2 

hypochloihydna in 127 
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Pregnancy hypoglycemia m 315 
icterus gravis in 158, 323 
incomplete abortion in 323 
increased cholesterol excretion in 13s 
ketonuna in, 73, 3I4» 3 18, 320 
laboratory findings in 314-319 
tests indicated in, 3*8, 3*9 
lactose in urine in 6r, 315, 318 
leukocytosis in 236, 316, 318 
morning sickness of 314 
nephritis in 314, 322 
nephrosis in 3x4 322 
osteomalacia in 3x6 324 
pernicious anemia of 184, 203, 209, 323 
vomiting of, 3x9-320 
achlorhydria in 127 
and ketogenic hormone 72 
anhydremia in s° 3 2 ° 
cause of acidosis 84, 320 
etiology of, 319 
Friedman test in 317 
laboratory tests indicated in 320 
liver damage in 158 
physiologic changes in 3x4-3* 6 
plasma proteins in 4X, 314 
volume in 224 316 
proteosuna in 18 
puerperal sepsis after 333 
pyelitis in 322 
pyelonephritis in 322 
retained membranes in 323 
sedimentation rate in 255, 315 
stomach pumping contra indicated 121 
toxemias of, 319-322 

acidosis in 83 84 320 321 
alkali reserve estimation in 83 84 87 
320 321 

and liver damage 158, 323 
hypoglycemia in 64 320 321 
urobihnogenuna in 138 
urea clearance test in 36 3*5 
urinalysis in 3x8 
urine sediment in 318 
vaginal trichomoniasis in 152 323 
Principles of laboratory diagnosis 4 
Proctitis pus in feces from 149 
Progestin 97 

Prognosis from differential count Plate VI, 
252,253 483 484 

fiom neutrophil morphology Plate VI 

252.253,483 484 

I rogranulocy tej 161—265 167 Plate IV 
247 261-265 


Progranulocytes m bone marrow 201 
normals for 200 
in leukemia 201 247, 261-265 
in splenic puncture 202 

A 247 

differentiation from prolymphocytes 
249 

identification of 480, 481 

S 247 

basophil, 247 See also basophilia and 
basophils 

identification of 479 
eosinophil, 247 See also eosinophilia 
and eosinophils 
identification of 479 
identification of 478 479 
neutrophil 247 See also neutrophilia 
and neutrophils 
identification of 478 

Prokaiy ocy tes 161-165 166 Plate I, 193, 
201, 202-223 
identification of 481 
Prolactin 97 

Prolymphocytes x6x-xd4, Plate V, 169 
201, 249 261-267 

differentiation from progranulocytcs 249 
identification of 480 481 
in acute lymphocy tic leukemia 262 263 
in blood 249 

in bone marrow in infectious mono 
nucleosis 201 266 
in lymphocytic leukemia, 262-264 
in infectious mononucleosis 201 243 
249 266 

Promonocy tes Plate VI 249 
identification of, 480 481 
in bone marrow 201 
in monocytic leukemia 201 249 262 
Promyelocytes Plate IV, 162 See pro 
granulocytes 

Pronormoblasts 161-164 See karyocytes 
Propbsmacy tes Plate V, 250 
identification of 481 
in multiple myeloma 18 201 244 250 
in plasmacytic leukemia Plate V 250 
261-265 

increased 244 250 

Prostatic fluid examination of 288 524 
hypertrophy 49 50 

blood creatinine in 34 37 
urea clearance in 34 36 
nitrogen in 32 34 
Mosenthal test in 30 
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Prostatic fluid hypertrophy, phenolsul 
phonphthalem test in, 31, 34 
neoplasms hematuria in 21 
Prostatitis hematuria in ar 
pyuna in 24 

Protamine zinc insulin, 62, 6s 
Protein absorption, 55 73, 81 

deficient, negative nitrogen balance in, 
8r 

Bence Jones 17, 342-344 
biuret test for, 244 
content of cjst fluids, 288, 519 523 
exudates 39, 284-287, 519 522 
transudates, 39, 284-287, 519, 522 
digestion, end products of 145 
toxic products of, removal from blood 
b> liver, 134 

effect on basal metabolism of, 100 
foreign, eosinophilia following injection 
of, 240 

heat coagulable, m unne, 14, 342-344 
in blood plasma or serum 39-41, 109, 
405-408, 519 

and edema, 39, 40, 284, 285 
in carbohydrate metabolism 55 
in cerebrospinal fluid 291 
interpretation of, 298 
quantitative estimation of, 518, 519 
in urine 14-18, 342-344 
quantitative estimation of, 359 519 
intake deficient, decreased total serum or 
plasma protein in 41 
negative nitrogen balance in 81 
plasma proteins m 41 
loss of plasma proteins m 41 
metabolism 55, 71, 8r, 94 
calculation of from total nitrogen of 
unne 81 

excessive negative nitrogen balance in 
81 

increased, basal metabolism in, 106 
mucinous 18 342 343 
quantitative estimation of 359 405 519 
Proteinuna causes of, 14-18 
tests for 342-344 359, 519 See unne 
protein in 

Proteosuna causes of 18 
tests for, 342-344 
Prothrombin 272, 505 
and jaundice 134 

in hemorrhagic disease of newborn 273 
275 

role in blood coagulation 269 


Prothrombin time 505 
Pruntus am in children, 151, 153 
due to bile salts in blood, 134 
Pseudoleukemia infantum, 221 
Pseudomucin in ovanan cysts 288 
Pseudouremia, 52 See cerebral vascular 
accidents 

Psittacosis leukopenia in 245 
Psy chjatnc cases blood sugar in, 63 
cerebrospinal fluid in, 290-313 
serum bromide in, 306 
Psychic secretion of gastnc juice 120 
Psychotic attacks, hypoglycemia in 63 
Ptosis with dilatation of stomach, volume 
of gastnc contents in 125 
Puerperal sepsis 323 
blood culture in, 258 
sulfanilamide in 261 
Puerpenum albummuna in z6 
effect on white cells of 236 
leukocytosis in 237 
proteosuna in 18 
sedimentation rate in 256 
Pulmonary See also lung 
artenosclerosis erythrocytosis in, 226 
circuit obstruction of erythrocytosis in 
226 

disease and lactic acid metabolism 76 
with increase of carbon dioxide m 
blood 82 

sputum in 280-284 
edema, sputum in 281 282 
gangrene 281, 282 283 
infarction jaundice in 141 
icterus index in 141 
in heart disease 14* 
sputum in 282 

Pulse pressure and basal metabolism in 
rate and basal metabolism in 
Puncture contraindications to 286 292 
fluids examination of 284-288 522, 5 J 3 
indications for examination of 28s 
Purgatives effect on red cells of 186 
Purpura athrombopemc 274* 2 75 See 
purpura, simple 
hemorrhagica 273,275 

abnormal platelets in Plate VII 
anemia of hemorrhage in 206,21* *'4 
bleeding time in 269 273 275 
blood in unne in, 20 
in feces in 147 149 
in stomach contents in 129 
capillary resistance in 270 273 27S 
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Purpura hemorrhagica clot retraction in 

270 273 2 75 

coagulation time in 270 273 275 
from allerg > 274 
from drug idios) ncras> 274 
from sedormid 274 
hematuria in 20 

platelets in Tlate VII 271 273 275 
relation of aplastic anemia, 220 274 
splenectomy in 273 
s>mptomatic 274 
in aplastic anemia, 2 o 274 
in benzol poisoning 220 274 
in leukemias, 274 
in pernicious anemia 20S 274 
symptoms of 273 
transfusion in 273 276 
ffenoch s 274 See purpura simple 
rheumatics 274 See purpura simple 
simple 274 275 
albuminuria in 274 
allerg> in 274 
casts in 274 
symptoms of 274 

thrombasthemc bleeding time in 275 
clot retraction in 27s 
coagulation time in 275 
platelet count in 275 
thrombopenic 273-274 275 See pur 
pura hemorrhagica 

Pus accumulations of sedimentation rate 
in 256 

leukocj tosis in 239 
cultures of 258,288 509 
in feces X47, 148 X49. 156 
in secretions 258 288, 507, 524 
in stomach contents 130 
in unne sediment 23 349 
smears of 258 288 507, 524 
Pjelitis 49 
albuminuria in 1 7 
ammonia nitrogen of urine in 81 
B coll 24 
hematuria in 20 
in pregnancy 314 319 322 
ketosis in treatment of 7 1 
mandelic acid therapy of 49 
modified Mosenthal test in 30 
polyuria from 29 
pyunain 24 
streptococcus 24 
sulfanilamide therapy of 30 
total acidity of unne in 80 


Pjelitis total nitrogen of urine in 8i 
Pjelonephntis 50 
albuminuna in 17 
and uremia 53 
blood creatinine in 34 37 
urea clearance in 34 36 
nitrogen in 32, 34 
hematuna in 20 
m multiple sclerosis 312 
in pregnancy 322 
in tabes dorsalis 312 
Mosenthal test in 30 
phenolsulphonphthalein test in, 31, 34 
pyuria in 24 

simulating hypertensive cardiovascular 
disease 50 

P> emic abscess icterus index in 141 
Pjlephlebitic abscess icterus index in 141 
P> lone stenosis anhydremia from 50 
alkalosis from 86 
blood chlonde in 132 
Boas Oppler bacilli in 129 
in carcinoma of stomach 155 
in peptic ulcer 155 
physiologj of 120 

removal of gastnc contents indicated 
121 

residual stomach contents in 129 
saremae in gastric contents m 130 
stasis meal in 131 

volume of stomach contents in X24, 

131 

Pyocyaneous infection sputum in 282 
Pyogenic organisms, exudates due to 286 
meningitis due to 290-301, 304 309 
Pyonephrosis 49 
albuminuna in 1 7 
blood creatinine in 34 37 
urea clearance in 34 36 
nitrogen in 3 2 34 
hematuna in 20 
Mosenthal test in 30 
phenolsulphonphthalein test m 31 34 
pyunain 24 

Pyorrhea blood in feces from 148 
Pyuna 23.24,349 
albuminuna from 1 7 
further tests indicated 49 53 
hematuna in 20 

m cystitis pyelitis and pyelonephritis 
49. SO. 81 

m tuberculosis of kidney 24, 50 
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Qualifications of physicians, 8 
Quartan malaria, Frontispiece, 198, 486 
Queclenstedt test, 295 
in Tioin s syndrome, 295, 299 
Quinine porphyrinuria after ingestion of, 3$ 

Rabies, leukocytosis in, 237 
Race, effect on red cells 184 
Radiculitis of cauda equina, 299, 313 
Froin’s syndrome in 299 
Radio active substances, aplastic anemia 
from 204 220 

Radium overdosage of, anemia from 204 
220 

leukopenia from, 204 220 245 
prolymphocytes in blood following 249 
Range significance of In interpretation 6 
Rat bite fever leukocytosis in, 237 
Raynaud's disease, capillary microscopy in, 
289 

hemoglobinuria in, 22 
Reaction of urine tests for, 80 341 
Reagents* 
acid alcohol 509 

alkali reserve permanent standards, 307 
alkaline tartrate solution, 391 
ammonium hydroxide dilute 404 
ammonium sulfamate 418 
ammonium sulphate standard 370 
anhydrous chloroform 410 
Benedict s qualitative 346 
quantitative 377 
Bial s reagent 348 
Boas reagent 438 
bromide standards 415 
buffer phosphate for Wright s stain 478 
calcium chloride 506 
carbolfuchstn Czaplewsky s 508 
carbon monoxide hemoglobin standard 
416 

cholesterol solutions 410 
cleaning solution 327 513 
colloidal gold solution, 522 
creatinine standard 388 
dextrose standards 392 394 
diazo reagent 359 412 
dichlorophenohndophenol 419 
dimethyl a naphythylannne 418 
Ehrlich s aldehyde 380 

•All reagents and standards are pur 
chasable from The Shaw Surgical Company 
Portland Oregon 


Reagents, Esbach reagent 360 
ferric iron solution, acid, 393 
Folin’s copper reagent 391 
Cram s iodine solution 508 
gum ghatti solution 370 
Haskins Sahli permanent standard 463 
hematoxylin solution 450 
Hucker’s gentian violet, 508 
hydrochloric acid, N/50 398 
N/s, 463 

hydroquinone reagent Benedict’s, 40^ 
icterus index standards 411 
iodine alcohol 431 
lodme-eosm stain 448 
iron alum, 4S 1 

Loeiller s methylene blue 508 
Alette's tubes preparation of, 440 
micro-copper reagent 275 
Millon s reagent 355 
molybdate reagent 391 
molybdic acid reagent, Benedict s 405 
Nessler s solution 370 
neutral red solution 398 
Obermayer s reagent, 358 
Osgood Haskins permanent standard 463 
oxalate tubes for venous blood prepara 
tioa of, 461 

oxalic acid, N/too 404 

per cent solutions definition of 376 

peroxidase stain 495 

phenol reagent 408 

phosphate solutions 405 

picrate reagent 387 

picrate reagent for cerebrospinal fluid 
creatinine 520 

picric acid solution saturated 37 1 
potassium acid phthalate, M/ 10 33® 

potassium carbonate-oxalate reagent 36^ 
potassium dichromate 1% 4” 

N/2, 371 

potassium ferncyamde reagent 393 
potassium permanganate N/100 404 
protein standard 401 

for cerebrospinal fluid 519 
safranm solution, 508 
saponin solution 418 
Schaudinn s solution, 450 
Seliwanoff s reagent 348 
silver nitrate solution for blood chlorides 
396 

for urine chlorides 372 
sodium cyanide-carbonate reagent 394 
sodium cyanide solution Fohn 389 



SUBJECT INDEX 


Reagents sodium hydroxide N/io 336 
N/50 398 
N/70 337 
sodium oxalate 506 

sodium sulphate sulphunc acid reagent 
37° 

sodium tungstate solution xo per cent 
386 

standard solutions preparation of, 336 
prerequisites for preparing 336 
standard thiosulphate solution 376 
starch solution 376 
Stirling s anilin gentian violet 308 
sulfanilamide standards 418 
sulfapyndine standards 418 
sulphanilic acid 412 

sulphocyanate soluticn standard for 
urine chlorides 372 
sulphuric acid N/i 404 
2/3 N 386 
N/10 337 
N/l2 386 
N/37 5 393 
N/70 337 

thiocyanate solution standard for blood 
chlorides 396 

thromboplastic solution 506 
Toisson s red cell counting fluid 475 
Tfipfer s dimethyl 438 
trichloracetic acid 20% 4°a 
tyrosm solution 407 
urease solution 366 
uric acid reagent Folin 389 
unc acid standard solutions 389 
urobilinogen reagent 357 
standards 380 

Van den Bergh standards 412 
water redistilled 4°3 
white cell diluting fluid 476 
Wrights stain 477 
Ziehl Neelsen stain 508 
zinc chloride solution 390 
zinc sulphate solution 386 
Rectum carcinoma ol feces in 147, 148 
*54 

Enterobius vermiculans in 153 
fissure of blood In feces from 147 
Schistosoma mansoru in 154 
stricture of form and consistency of feces 
in M7 

ulceration of red cells in feces from 
i47 t4» 
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Red cell count 171-1771 184-188, 47*~4?5 
effect of altitude on 185 
effect of climate on 184 
effect of menstruation on x86 
effect of nutrition on 184 
effect of race on 184 
error in 172 

in anemias, 186, 203-223 
in leukemias 205, 217, 261-265 
in nephritis 38, 213 
in polycythemias 188, 225-227 
in pregnancy 184, 316 
normals for 171-177 
technic of 471-475 
variations with age and sex 172-176 
destruction causes of 205 
evidences of 196 
m polycythemia rubra vera 225 
diameter 190, 495 
determination of, 495 
determined by enometer 496 
determined by eye piece micrometer, 
33* » 496 

in diagnosis of anemia 187 
interpretation of 190 
normals for 190 
formation 166 

stimulation of 169 
thyroid secretion in 203 
vitamin C in 203 
forming tissue aplasia of 204 220 
regeneration in erythrocytosis 225 
sedimentation rate 253-258, 501 See 
sedimentation rate 
stroma 170 

volume determination of x8i, 487 
effect of altitude on 185 
effect of muscular exertion on 186 
effect ol pregnancy on 184 316 
in pol> cythemia rubra vera 225 
normals for 172, 181, 182 
variations with age and sex 176 
Red cells abnormal 188-196 
achromia in Plate I, 193 
aimtosis in 250 

antipemicious anemia principle m for 
mation of 169 185 203 
basophilic stippling in Plate 1, 192 
buffers in 74 75 
Cabot s rings m 193 

deficiency of from acute blood loss 206 
deficient production of 196 204 220 
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Red cells destruction of, and urobilinogen 
in feces, 196 
In urine, 196 
anemia from to 3 214 
diurnal variations in, 186 
effect of altitude on, 185 
effect of antipermcious anemia principle 
on 169 203 208 
effect of arsenic on, 185 
effect of carbon monoxide on 186 226 
effect of cold baths on 186 
effect of drugs on 185-186 
effect of fluid loss on 186 325 
effect of iron on, 185 
effect of muscular exertion on 186 
effect of pregnancy on 184,316 
effect of therapy on 185, 188 195 
fragility of, 197 498 See fragility test 
decreased 197 
increased 197 
normals for 197 
Howell Jolly bodies in 193 
immature forms of, 166, Plate 1, 188-196, 
201. 481 

in anemias, 187, 193, 194 201, 203-223 
in leukemias 193 196, 201, 205, 217, 
261-265 

in aplastic anemia 201 204 220 
in erythroleukoblastosis 193 201, 221 
in hemolytic icterus 193, 201 215 
in hypochromic microcytic anemias 193 
201, 203 210 
in malaria, 198 

in pernicious anemia 193 201 208 
in polycythemia 193 225 
in sickle cell anemia, 191, 193 201 2 16 
in mine sediment 19 350 351 
m Wright s stained smears 183 187, 188- 
196 476-483 

increased destruction of therapy in 205 

214-217 

life of 170 

loss of anemia following 206,211 
macrocytosis of 189, 190 
maturation of and antipermcious anemia 
principle 169 
microcytosis of 189-190 
mitosis in 350 

morphology of 166, Plates I and VII 
183, 189-196 481 
nomenclature of 161-164 
normal in acute blood loss 206 276 


Red cells, normal, In increased red cell 
destruction, 305 215 
normals for, 171-177 
nucleated 166, Plate I, 193, 481 
absent in aplastic anemia 193 201 

304 320 

in acute blood loss 193 201, 206 
in erythroleukoblastosis 193 201 221 
In leukemia, 193 201 205 217,261-265 
In myelophthisic anemia 193 201 205 
217 

in pernicious anemia 193, 201, 208 
in sickle cell anemia, 193, 201, 215 
pathologic variations in 186-227 
phj siologic variations in 184-186 
poilulocytosis of 190-192 
polychroraatophilia of Plate I, 192 
postoperative increase of, 186 
reticulation in Plates I and VII, 194-196, 
496 See reticulocytes 
Schueffner’s granules in in malaria 
Frontispiece, 198 485 
spheroid in hemolytic icterus 190, 215 
variations of, m anemias 186-223 
Reducing substances in cerebrospinal fluid 
291 

In plasma, 109 
in urine 57“6 i, 345~349 
identification of 346-349 
table for differentiation of 348 
Reinsch test for arsenic in unne 359 
for mercury in unne 359 
Relapsing fever leukocytosis in 237 
leukopenia w 245 
Renal See also kidney 
calculi and hyperparathyroidism 26 109 
composition of 26, 354 
function tests 26-43 
impaired I4~53 
acidosis in 38 52, 83, 85 
alkalosis in 38 52, 86 
causes of 33~35 
coma from 309 
from anhydremia 34, 50 
from hemoglobinuria, 35 Si 
from methemoglobmuna 35 51 
from salt restriction 34 
from sulphemoglobinuna 35 51 
in liver disease 35 
serum phosphate in 108 no 
ischemia and hypertension 13 48 
osteitis fibrosa cystica 108 
rickets 39 to8 
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Renal threshold for dextrose 65 
after phlondzin 59 65 
in nephntis 65 
in pregnancy, 59 6s 3*4 
in renal glycosuna 60 65 67 
normals 56 6s 
Remn 13 

Respiration voluntary forced alkalosis 
from. 87 

Respiratory center depression of, and 
excretion of carbon dioxide by 
lungs 76 

carbon dioxide tension in 82 
quotient, 95 

in metabolism 98 

stimulation and catbon dioxide tension 
82 

s>stem disorders of 380 289 
Retained membranes 333 
Reticulocyte count 194-196 496 
stain technic of 496 
cover slip method of 497 
Reticulocytes decreased causes of 196 
effect of treatment on 19s 
in acute blood loss 196 206 
in aplastic anemia 196 304 220 
in blood normals for 172 194 
in bone marrow 200, 20X 
in aplastic anemia 201 220 
normals for 200 
in hemolj tic icterus 195 215 
in myelophthisic anemia 196 203 21 j 
in normocytic anemias 19S *9 6 212-223 
in pernicious anemia 195 201, 203 208 
in phen> lh> drazine poisoning 196 225 
in sickle cell anemia 195 216 
increased causes of 194-196 
Osgood \\ llhelm method of staining 496 
Reticuloendothehal cells role in liver 
function 135 
system 168 

Reticuloendothehosis 243 249 262-265 
See monocy tic leukemia 
Retinopathy in nephntis 4S“48 
indications for labotator> tests in 53 
Rhabdocytcs 161-164, 166 Chart I, 
Platen 172 233 248 252 478 483 
absolute values for 233 
in bone marrow 200 201 
normals for 172 233 
basophil 234 250 See basophilia and 
basophils 

identification of 479 
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Rhabdocytes eosinophil 233, 234, 250 
See eosinophiha and eosinophils 
identification of, 479 
neutrophil 161 164, 166, Chart I, Plate 
II, 172, 200, 201, 233, 248, 252 
See neutrophilia and neutrophils 
identification of 478, 483 
prognosis from Plate VI, 248, 252, 483 
Rheumatic fever, eosinophiha in 241 
leukocytosis in 237 
platelet count in, 271 
Riboflavin and anemia, 204 
Ricin poisoning, hemoglobinuria in 22 
Rickets 107-108 
eosinophiha in 241 
leukocytosis in 237 
renal 39 108 
serum calcium in 108 
serum phosphatase in, 1 10 
serum phosphate in tro 
von Jaksch s anemia and 221 
Rieder cells Plate V 247, 249, 480 
Riegel meal 123 131, 435 See also 

stomach contents 
normals for 441 
technic of 435 

Rivalta test, interpretation of, 286 287 
technic of 523 

Robert s ring test for proteinuria 344 
Roentgen rays aplastic anemia from 
204 22X 

in leukemias 263 264 
leukopenia from 245 
prolympbocytes in blood from 249 
Roentgenographic visualization of gall 
bladder substances used in 143 
Robin poisoning hemoglobinuria from, 22 
Rose bengal removal from blood by liver 
*34 

Ross Jones test 518 
Round worms in feces 153, 454-456 
Rubner*s test for lactose 347 
Rumpel Leede capillary resistance test 
270, 505 

Sahli method of hemoglobin estimation 
462 469 

Salmonella schottmtlUen fermentation of 
lactose in unne by 61 
Salpingitis 323 
hematuria from 21 
leukocytosis in 237 239 
sedimentation rate in 237 
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Sind, intestinal 444 
Saponin solution, 418 

Sarcinae in stomach contents 124 130, 
*55, 437 

Sarcoid of Boech hypcrproteinemia in, 40 
Sarcoma leuhocj tosis in, 237 
of bone marrow, eosinophils in 241 
myelophthisic anemia in, 205 217 
Saturation index See index saturation 
Scarletfever capillary resistance test in 271 
eosinophilia in 241 
leukocytosis in, 237 
nephritis in, 1$, 45, 46 
Schilling’s classification of white cells, 238 

483 

hemogram, 483 

Schistosoma heraatobium, 154, 457 
hematuria from at 154 
in unne, 151 

ova in unne 154 35* 457 
mansom, 437 
in feces 154 457 
ova in feces 154, 457 
Schistosomiasis 21 151, 154 
byperproteinemia in, 40 
leukopenia in, 24s 
splenomegahc anemia in, 218 
Schmidt s test for bilmibin in feces 149 
for urobilinogen in feces 149 
technic of 445 

SchiSnlem s disease 274 See purpura 
simple 

Schueffner s granules in red cells in malaria 
Frontispiece, 198, 485 
Scleroderma capillary microscop> in 289 
Sclerosis multiple 312 See multiple 
sclerosis 
Scurvy 275 

capillary resistance test in 27 1 
hematuna in 2r 
hemorrhagic tendency in 275 
test for 272 
vitamin C in 275 
vitamin P in 275 
Scybala in constipation 146 
Seat worm in feces 153 455 
Sebaceous cysts characteristics of 288 
Secretagogues in secretion of gastric juice 

Secretions 28 8 524 

bactenologic examinations of 258 507, 
5°9 524 

cell count of 523 


Secretions, chemical examination of, 523 
cholesterol crystals m 388 
differential count in, 525 
eosinophils in, 288 
gross examination of, 522 
in stomach contents sources of, n8 
indications for examination of 285 
microscopic examination of, 523 
protein content of, 519, 522 
pus in, 288 

tubercle bacilli m, 523 
vaginal trichomonas vaginalis in 151 
152, 288 333, 45i, 5*S 
Sediment of urine examination of 18-26, 
349-356 See unne sediment 
Sedimentation rate of red cells 233-258, 
501-502 

and blood proteins 41 
causes of variation in, 253, 254 
in Addison s disease, 115 
in biliary tract inflammation 156 
in ectopic pregnancy, 333 
in exophthalmic goiter 112 
in liver disease, 257 
m neutrophilia, 239 
in pregnancy, 2S5 315, 3*9 
in ulceration of intestine 156 
increased causes of, 255-258 
interpretation of 253-258 
Lm2enraeier method 50 
methods for determining 253, 501, 502 
modified Westergren method 501 
normals for 172, 254 
relation to protein content of plasma 39 
*54 

Sedormid purpura hemorrhagica from 274 
SehwanoS s test for levulose 348 
SeUards alkali tolerance test of 81, 378 
Semen, azoospermia of, 288 
examination of 524 
indication for examination of 286 
interpretation of 288 
normals for 288 

Seminal stains identification of 525 
vesiculitis hematuna in 21 
pyuna in 24 

Septicemia platelet count in 271 
Serology in cerebrospinal fluid interpreta 
tion 300, 312 
technic 521 
secunog blood for 512 
simple technics of, 510-5x2 
interpretation of, 259-26: 



SUBJFCT INDEX 


66l 


Serum See also blood and plasma 
Bence Jones protein in 40 
bromide test 306, 4*4 
calcium 107-110, 403 
and plasma proteins 10S 109 
diffusible 107 108 30a 
estimation ol 403 
high causes of 109 
m kidney disease 39 
in multiple myeloma 109 
in tetany, xo8 1 t6 
indications for 107 
low causes of to8 
nondiffu-ible 107 10S 
normals for 43, xo8, 421 
phospbata e 1x0 
phosphate 110,404 
high, causes of xxo 
low causes of xxo 
normals for 43, no, 421 
potassium in Addison s disease 132 
proteins 39-4* » 4°5-4°8, 5x9 See 
plasma proteins 

reactions hemoglobinuria in 22 
sickness eosinophiha in 240 
sodium in Addison s disease 132 
sulphate 43 

test for Bence Jones protein in 40 
theclmin 116 

van den Bergh test for bilirubin in 142 
41 2 See van den Bergh test 
ShaGer Hartman method for blood sugar 
estimation 390 

for unne sugar estimation 37 2_ 37& 
Sbivermg effect on basal metabolism 100 
103 106 

Shock anaphylactic acidosis in 8j 
blood creatinine in 34 37 
typing in 276 
urea clearance in 34 36 
nitrogen in 32 34 
volume in 224 
oliguria in 28 

phenolsulphonphthalein test in 31 34 
polycythemia simulated by 226 
Sickle cell anemia 191, 216 
blood indexes in 216 
hemoglobin in 216 
icterus index in 216 
leukocytosis in J38 

moist cover slip preparations in 191, 2x6, 
497 

red cells m 216 


Sickle cell anemia reticutocytes in 194 
195, 216 

white cells in 216 238 
Sickle cells 19 x, 192, 216 
differentiation from elliptical cells 189 

191, 216 

in diagnosis of anemia 187 
moist cover slip preparation for 191 497 
Sigmoid carcinoma of odor of feces in 147 
red cells in feces from 148 : 54 
contents of, 145 

ulceration of red cells in feces from 148 
iSS 

Simmond s disease 114 
basal metabolism in 106 114 
creatinuna in 315 
dextrose tolerance curve in 67 
hypoglycemia in 63 
negative nitrogen balance in 81 
Sinusitis cerebrospinal fluid in 292 297 
310 

meningitis from 297 310 
nephritis in 15 45 46 
normocytic anemia from 213 
sedimentation rate in 256 
Sinus thrombosis lateral cerebrospinal 
fluid in 295 

Queckenstedt test for 295 
Skin brown pigmentation in hemochro 
matosis 59 

burns of 50 See burns 
diseases basophilia in 242 
eosinophiha in 241 
uric acid in 42 

Skull fracture of leukocytosis in 238 
in erythroleukoblastosis 2 1 
Sleep effect on basal metabolism 101 102 
Smallpox granulocytes in blood in 248 
leukemoid blood in 220 263 
leukocytosis in 258 
monocytosis In 243 
nucleated red cells in 193 
white cells in 248 263 
Smears bactenologic making and fixing 
507 508 

blood making and fixing 476-483 
for tubercle bacilli 507, 508 518 
Gram s stain of 508 
Loefller s methylene blue stain of 507 
removal of immersion oil from 331 487 
W right s stain of 477-483 
Ziehl Neel sen stain of 508 
Smoking effect on red cells of 186 
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Snake bites, hemoglobinuria from, 22,51, 217 
normocytic anemia from, 214 217 
Soaps in feces, i47» 444, 446 
Sodium bicarbonate, administration of, 
alkali reserve in, 77, 85, 86, 155 
calculation of dosage of, in acidosis, 86 
content of plasma, 79 
use of, in acidosis, 85 
chloride in plasma, normals for, 38, 43 
132, 42: See blood chloride 
in whole blood, normals for, 38, 43 
133,421 See blood chloride 
citrate therapy of acidosis 83 
in cerebrospinal fluid 291 
in plasma 38, 43, *3*, 420 
lactate use of in acidosis 85 
Sorbitol hypertonic, in cerebral edema, 52 
Spasm of colon, 145 146 
Spasmophilia serum calcium in 107, 108 
Specific gravity of cerebrospinal fluid 291 
of plasma, 291 

of urine determination of, 339 341 
interpretation of, 26-39 
Spermatozoa examination of, 534 
in semen, 388 
m unne sediment, 351 
Spider bites, hemoglobinuria following 22 
5i, at7 

Spinal cord tumors cerebrospinal fluid m 
290-300, 3H 

Grant and Cone test for, 295 
spinal subarachnoid block in 295, 299 
Spinal fluid, 290-302, 303-305, 5*7-522 
See cerebrospinal fluid 
puncture contraindications to 292 
indications for, 291, 292 
precautions in cerebral hemorrhage 
292 

m increased intracranial pressure 
292 

technic of 292 

subarachnoid block 295 299, 311 
Ayala’s quotient in 296 
causes of 296 

combined lumbar and cisternal punc 
ture in 294 

decreased intracranial pressure in 295 
From s syndrome in 296 299 
Grant and Cone test for 295 
Queckenstedt test for 29s 
Spine canes of spinal subarachnoid block 
in 296, 299 

injunes to cerebrospinal fluid in 296 299 


Spirochetosis bronchiahs, sputum m, 282 
lctcrohemorrhagica 158 
Spleen, amyloidosis of, 42 51 
and hemostasis, 269 
and thrombopema, 269 
blood formation in, 168 
destruction of hemoglobin in, 136, 170 
effects of removal of 169 
enlarged 217-219 Sec splenomegaly 
formation of bilirubin m, 136, 169 
formation of blood cells in 165 168 
function of 168 
in erythroleukoblastosis 221 
puncture of 201, 500 
contraindications to 202 
tuberculosis of, 2x8 
‘zucLcrguss ’ ascitic fluid in 144 
Splenectomy Cabot’s nngs after, 194 
effects of 169 
eosmophilia folio v, mg 242 
Howell Jolly bodies after 194 
in hemolytic icterus 216 
in purpura hemorrhagica 273 
in splenomegalic anemias, 218 
Splenic anemia 217-219 See anemia, 
splenomegalic 
flexure contents of 14s 
puncture contraindications to 202 
in Gaucher’s disease 202 218 
in malarui 198 202 
in Niemann Pick s disease 202 218 
indications for 201 
interpretation of 202 
techmcof 500 

vein obstruction of 157, 217, 218 

blood m stomach contents from 128 
leukopenia in 217 24s 
thrombosis of 157, 217, 218 
Splenomegaly anemias with 217-219 See 
anemia splenomegalic 
basophilia with 242 
causes of 217-219 

effect on volume of gastric contents 125 

m Felty s syndrome 219 

in hemochromatosis 59 

in Hodgkin s disease 219 

m infectious mononucleosis 266 

in kala azar 198 

in leukemias, 219 261-264 

in lymphosarcoma 219 

in malaria 197, 21 9 

in polycythemia rubra vera 225 
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Splenomegaly, in subacute bacterial endo- 
carditis 31$ 319 
in syphilis 319 m 
plasma volume increased in 324 
splenic puncture in 201 
Sprain sedimentation rate m 257 
Sprue anemia of cause of 203 209 
form and consistency of feces in 147 
leukopenia in 245 
macrocytic anemia in 209 
serum calcium in to8 
Sputum 380-284,513-5*6 
appearance of 281, 513 
blood in causes of 282, 514 See also 
hemoptysis 

bronchial casts in 283 514 
Charcot Leyden crystals in 383 513 
collection of instructions for, 281, 513 
color of 282 514 
consistency of 281 s*4 
cultures 258 509 5x6 
Curschmann s spirals in 283 5x4 
definition of 281 
Dittnch s plugs in 283, 514 
elastic tissue in, 283 5x4 
eosinophils in 383, 515 
in asthma 240 283 
examination, indications for 281 
interpretation of, 280-284 
exudates in 280 
formation of 280 

Grams stain of 258,507 508 515 
gross examination of 281-283 513-515 
in bronchial asthma 283 5:4 515 
in disease 280-284 
in tuberculosis 280-284 5x3-516 
labelling of specimens 513 
methylene blue stain of 258 507 515 
odor of 282,514 
pneumococcus typing in 509 
smears 258 507 51s 
stained microscopic examination of 515 
three layered causes of 281 
transudates in 280 
tubercle bacilli in 283 515 
absent in 230 284 

concentration technic for 507 508 515 
examination for 507 508 515 
unstained microscopic examination of 
SU 

volume of 281 513 
right s stain of 283 476-483 515 
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Staff cells Chart 1 PlateH, 161-164 See 
rhabdocyt.es 
Stain, Gram s 258, 508 
Loeffler’s methylene blue 258, 507 
peroxidase 249, 495 
reticulocy te 194-196, 496 
supravital of blood 229, 497 
V, tight s 229-253,476-487 
Ziehl Neelsen 258 283, 507 508, 515 
Standard deviation of cell counts 173 
Standard solutions preparation of 336 
Starch id feces 150 447 
m stomach contents 129 436 
Starvation and ketosis 73 82 
basal metabolism in 107 
creatinunam 315 
unc acid in 42 

Stasis meal 123 131, 435 See also 

stomach contents 
Statistics 6,8 

Steapsm, determination of in duodenal 
contents 442 

Steatorrhea idiopathic 108 147 149 
serum calcium in 108 
Stem cells 161-164 Plate v * 246 248 249 
250 480 481 See granuloblast lym 
phoblast monoblast and kary oblast 
in blood 246-250 262 
in bone marrow 200 20 X 
in leukemias 261-265 
Stenosis of portal vein, leukopenia in 245 
Stenlity examination of semen m 286,288 
524 

Sternal marrow 199-201, 499. See bone 
marrow 

Sternal puncture 199-201, 499 See bone 
marrow 

Still s disease leukopenia in 245 
Stomach 1x8-132 434-441 
antipemicious anemia principle n 119 
169 

beer drinker s volume of gastric contents 
in 1 25 

benign tumors of blood in feces from 
147 148 

blood in stomach contents from 129 
decreased volume of gastric contents 
in 125 

increased volume of gastnc contents 
in 125 

biochemistry of 118-122 
carcinoma of achlorhydria in 126 
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Stomach carcinoma of, anemia from 154, 
20 s, 206 lit, 217, 320 
blood indexes in, 155, 2:1, 220 
in feces m, 147, 148 
in stomach contents in, 128 
Boas Opplcr bacilli in, 129 
cause of hour glass stomach, 12s 
differentiation from peptic ulcer, 126 

129 15 S 

histamine test in diagnosis of, 130 
bypochlorhydna in 127 
lactic acid in 128 
mucus in gastric contents in 125 
non protein nitrogen of stomach con 
tents in 131 

stomach contents examination indi 
cated 121 

urea nitrogen of stomach contents in 

131 

volume ofgastnc contents in 124 125 
chemical irritation of increased mucus in 
i*S 

decompensation of 121 
dilatation of, 121, 124 
acute causes of 124 
symptoms of 124 
blood chloride in 132 
chronic causes of, Z24 
removal of gastric contents indicated 
121 

residual stomach contents in 129 
volume of gastric contents in 124 
disorders of 118-133, i54. *55 
duodenal contents in ir8 120 
dumping volume of gastnc contents 
in 125 

emptying of 120 
normal 120 
pathologic 120 

fasting contents of 120 122 130 434 
fluoroscopic examination of 131 154 21 1 
indications for 125 

hairballs in volume of gastnc contents 
in 125 

hour glass volume of gastnc contents in 

125 

hypermotihty of causes of 120 125 
hypersecretion of, volume of stomach 
contents in 124 127 131 
impaired motility of stasis meal in 13 1 
inflammation of increased mucus in 125 
intestinal contents in 118 120 


Stomach 'leather bottle ” volume of 
stomach contents in 125 
linitis plastica of and carcinoma 125 
motor activity of 120 
obstruction of, 121, 123 124 129 132 
155 

acidosis in, 77, 84 
alkalosis in, 77, 86 

passive congestion of increased mucus 
in, 125 

physiology of 118-121 
pumping indications for, 121 
technic of, 434 

retention, removal of gastnc contents 
indicated 121 

scirrhous carcinoma of and Um tis plastica 
US 

volume of stomach contents in, 125 
syphilis of, achlorhydria in 126 
cause of hour glass stomach 125 
volume of stomach contents m 125 
trauma to 128 129 

vances of blood in stomach contents 
from 128 

in Banti s disease, 157 217 
in cirrhosis of liver, 157 218 
Stomach contents 118-132. 434*44* 
acidity of 124, 126-128, 130, 131, 437' 
439 See also achlorhydra achylia 
hyperchlorhydna and hypochlorhydna 
additions to 118 
alcohol test meal 123 (3 1 .436 
analysis 118-132,434-441 
in carcinoma, 154 
m diagnosis of anemia 187 
in peptic ulcer 155 
in poisoning 130 
bacteria in 124 129 43° 
blood in causes of 128 
test for 440 

Boas test for hydrochloric acid in 126 

437 , 

Boas Oppler bacilli in 124 129 43° 437 
character of variations in 118-121 
chemical examination of 437*44° 
colorof, 128 436 

composition of pure gastnc juice, 119 
Congo red test for hydrochlonc acid w 

437 r 

contraindications to examination or 121 

determination of peptic activity in *22 
126, 44° 

Ewald meal t22 123-13°. 434 43°*44 I 
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Stomach contents examination interprets 
tionof 123-132 
planning of, 132 
recording of 1 *3 
exce s mucus in causes of 12s 
fasting 122 130 434 
food residues in 129 434 43& 
in obstruction 155 
fractional analysis of 123,131,436 
free hydrochloric acid in 119, 134 126- 
128, 437-435 
from esophagus xi8 
from gastnc mucosa, xi8 
from pylorus 118 
from stomach tube 118 
gross examination of 123-125 128 436 
histamine test 123, 126, 130, 435 
hydrogen ion concentration of 128 439 
indications for examination of 12 1 
for removal of xax 
influence of motor activity on 120 
information obtained from examination 
of X22 

intrin ic factor in 1 19 
lactic acid in X28, 439 
microscopic examination of 129, 436 
mucus in iso 135 436 
normals for x»3. 44 1 
for non protein nitrogen of 13 1 
for urea nitrogen in 131 
pepsin determination in 126, 440 
pH of 128 439 
pumping of 434 
pus in 130 

removal of, in ulcer therapy 13 1 
Riegel meal, X23, 13X, 435 
sarcinae in 124 X30, 15s 436 
secretion of up 
Sippy pumpings 13 1 436 
stasis of 123 131,435 
Boas Oppler bacilli in 1 29 
meal 123 i3*»435 
sarcinae in 130 
subtractions from xt8 
test meals in examination of *22-131, 
434-44* 

TOpfers dimethyl test for hydrochloric 
acid 438 
reagent 126 438 
total acidity of 118 439 
tubercle bacilli fn 130 
urea nitrogen in 131 
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Stomach contents volume of 123, 124 436 
variations in 118 
vomitus 130, 434 
Stomach tube passage of 434 
Stool See feces 

Streptococcic inlections nephritis in 15 
45 46 

Streptococcus py elitis 24 
Strongyloides stercoralis m feces 154, 455 
Study suggestions for 9 
Stupor 302-3x3 

hypoglycemia m 63 
in uremia 52 

Subarachnoid block 295, 299, 311 See 
spinal subarachnoid block 
hemorrhage 3x1 
cerebrospinal fluid in, 290-30* 
coma from 311 
Subdural hemorrhage 3x1 

cerebrospinal fluid in 290-301 
coma from 31 1 

Subphrenic abscess sputum in, 280-282 
Sucrose clearance 37 
hypertonic in cerebral edema 52 
Sugar in blood 61 390 See bfood sugar 
in cerebrospinal fluid 291, 301, 304 5x8, 
521 See cerebrospinal fluid dextrose 
in urine 57-61, 345-349 See unne 
sugar and glycosuria 
puncture of Claude Bernard glycosuria 
from 60 

Sulfanilamide 261, 379, 417 
agranulocytosis from 245 
alkalosis from 86 
anemia from 214 
cyanosis from 23 
in urinary infections 50 80 
methemoglobinemia from 23 
quantitative determination in blood 417 
in urine 379 
indications for 261 
interpretation of j6r 
standards 418 
therapy unne pH for 80 
Sulfapvndme 261,417 
agranulocytosis from 343 
anemia from 214 
bemaluna from 30 

quantitative determination in blood, 41, 
in unne 379 
indications for a6r 
interpretation of 261 
Sullivan s test for cystm in urine 355 
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Sulphates inorganic in serum 43 
Sulphemoglobmemia, 23, 35, 51, 217, 4:6 
Sulphemoglobimma, 23, 35, 51, 217, 358 
anuria from, 35, 51 
impaired renal function from, 35 51 
Sulphonal, porphyrinuria after ingestion of, 

Sulphosalicyhc acid test for proteinuria 
technic of 342 

Sulphuric acid, excretion of, in conservation 
of base 76 

Suprarenal function disorders of 115 See 
Addison s disease 

Supravital staining of blood, 229 497 
Surface area correction in urea clearance 

384 

effect on basal metabolism 98 
table for calculation of 426, 427 
tension test for bile salts 357 
Sweating 50, 132 See perspiration 
Syphilis, 259 See also paresis, neuro 
syphilis tabes dorsalis meningitis 
cerebrospinal fluid in, 292, 297-300 
congenital anemia in 222 
hemorrhagic disease m 274 
eosinophilia in, 241 
false positive tests for 260 
interpretation of tests for 259 260 
leukocytosis in, 238 

of central nervous system cerebrospinal 
fluid m, 290-302, 310, 312 
of liver 157, 158 

icterus index in 140, 141 
urobibnogenuria in 138 
of pulmonary artery erythrocytosis m 
226 

of stomach achlorhydria in 126 
cause of hour glass stomach 1 25 
volume of stomach contents in 125 
paroxysmal hemoglobinuria in 22 
sedimentation rate in 256 
serologic tests for 259, 300, 512, 521 
cerebrospinal fluid for 5 1 
in craniopharyngioma 115 
in cirrhosis of liver 157 
in syphihs of central nervous system 
300, 312 

splenomegaly in 219 222 
Syphilitic cirrhosis 157 
ascitic fluid in 144 
hepatitis 158 
icterus index in 140 


Syphilitic, hepatitis, urobibnogenuria m 
*38 

meningitis coma from, 310 

Tabes dorsalis 312 

cerebrospinal fluid in, 290-301 
Lange curve in 300 
pyelonephritis in 50 312 
Tables See list of tables, XXI and XXII 
Taenia echinococcus 151, 153, 454 
cysts of, 288 

booklets in cyst fluid 454, 523 
sagmata, 152, 452 
ovum, Plate VIII, 453 
sohum 151,152,452 

Tallqvist method of hemoglobin estimation, 
470 

Tapeworms in feces 151, 152, 153, Plate 
vm, 451-454 

Tea effect on unne volume 27 
Teratoma, Aschheim Zondek test in 317 
Tertian malaria, Frontispiece, 197-198 
484-486 

Test meals 118-132, 431-434 See stom 
ach contents and alcohol Ewald 
fractional stasis and Riegel meals 
choice of, 12a 
Testis hormones of 97 
Tetanus hemoglobinuria following seru 
reaction in 22 
leukocytosis in 238 

Tetany alkali reserve estimation in 78 
caused by alkalosis 79, 87, 109 
gastnc 87 109 

infantile serum calcium in 107, 108 
parathyroid serum calcium in 107, 108 
116 

postoperative serum calcium in, 112 
serum calcium in 107, 108 
Tetrachlorethane monocytosis from 243 
Tetranol porphynnuna from 23 
Thalassemia 222 See Cooley s anemia 
Theelm in blood 97 116 
in urine 97 «6 
Thread worm in feces 153, 45S 
Three glass test in hematuria 19, 350 
in pyuna 24, 350 
Threshold substances 12 
Throat cultures 258 509 

in agranulocytosis 204, 220, 245 
in granulopenia 204, 220, 245 
in infectious mononucleosis 266 
m leukemia 204, 220, 245 263 264 
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Throat lesions in aplastic anemia 204, 220, 
245 

smears 258, 507 
Thrombasthemc purpura 275 
Thrombin role in blood coagulation of, 269 
Thrombocytosis 271 
in acute blood loss 206 271 
in hemolytic icterus 215 
in increased red cell destruction 205 214 
Thrombopenia 271, 273-275 
and splenic function 269 
bleeding time in 269 
clot retraction in 270 
essential 273 275 See purpura hemor 
rhagica 

in aplastic anemia 04 220 272 274 
in Banti s disease 217 
in leukemia 272 274 

Thrombopemc purpura 268 273,275 See 
purpura hemorrhagica 
Thrombosis cerebral coma from 308 
lateral sinus Queckenstedt test for 295 
spinal fluid in 290-301 310 
of portal or splenic veins 157, 218 
blood in stomach contents from 128 
218 

leukopenia m 18 245 
Thymus blood formation in 165 
hormone of 97 

Thyroglobin effect on basal metabolism 
101 

Thyroid adenomata of 96 112 
carcinoma of basal metabolic rate in 105 
”3 

desiccated activity of 101 
effect on basal metabolism 101 
diffuse parenchymatous hyperplasia of 
96 105,111 See goiter exophthalmic 
disease blood iodine in 1 1 1 
cholesterol estimation in 42, no, 112 
effect of iodine in 102, in 
summary of 94-117 
gland in metabolism 94-96 
hormone concentration of 95 96 101 
deficiency of 95 106 112 
in metabolism normal amount of 95 
101 

increase of 95 101 
hyperplasia of adenomatous 105-112 
malignant tumor of basal metabolism in 
105 113 

nodular hyperplasia of 96 105 112 
parenchyma deficiency of 96 106 iij 


667 

Thyroid parenchyma hyperplasia of 96 
105 in 

preparations metabolism during use of 
tor 113 

thyroxin content of 101 
secretion m red cell formation 204 219 
storage of hormone in 95 96 
therapy basal metabolism in 96 ror 113 
Thyroidectomy basal metabolism follow 
ing z 1 2 

Thyroiditis basal metabolic rate in 105, 
”3 

myxedema in 112, 113 
Thyrotoxicosis basal metabolic rate in, 105 
in 

Thyrotropic hormone of anterior pituitary 
97 

Thyroxin content of thyroid preparations 
101 

effect on basal metabolism of 101 
formula of 95 
in metabolism 95 101 
iodine content of 95 101 
Thyroxin polypetide effect on basal metab 
obsm ror 

Tics basal metabolism in 100 106 
Tissues buffer action in 75 
Toad bites hemoglobinuria following 2 
Toadstool poisoning hemoglobinuria follow 
ing, 22 

Tonsillitis glomerular nephritis following 
4S 46 

Tonsils blood formation in 165 
Topfer s dimethyl test for hydrochloric 
acid in stomach contents 438 
Total base in cerebrospinal fluid 291 
in plasma 91 

nitrogen in urine 80 81 367-370 See 
unne total nitrogen of 
protein in plasma 39-41, 284 285 405- 
408 

solids in cerebrospinal fluid 291 
in plasma 291 
of unne calculation of 34r 
titra table acidity of unne 80, 379 
Toxemia leukocytosis in 237 
Toxemias of pregnancy 319-322 See also 
eclampsia and pregnancy pernicious 
vomiting of 
acidosis in 85 

alkali reserve estimation in 78 85 
prevention of 314 316 
urobibnogenuna in 138 
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Toxic neutrophils prognosis from, Plate VI, 
25J. 253, 483, 484 

Toxic products of protein digestion, re 
moval from blood by liver, 154 
Toxins bacterial aplastic anemia from, 204 
220 

effect on red cells of, 204 20s, 213 
hepatitis from 140, 158 
normocytic anemia from, 213, 214, 217 
Tracheal occlusion, carbon dioxide tension 
in, 82, 83, 89 
Training 8 

Transfusion 276-279, 510-512 
in hemorrhagic diseases 273, 276 
Transitional cells Plate III, 161-164 See 
monocytes 

Transudates, 39 284-287 522 
affecting plasma proteins 40 
bactenologlc examinations of 258, 287, 
523 

cell count in 286 523 
chemical examination of, 287, 519, 522 
differential count in, 286 523 
effect on feces, 146 
formation of, 284 
gross examination of 286 522 
indications for examination of 285 
in sputum 280 

in stomach contents, sources of, 1x8 
interpretation of findings in 284-287 
loss of chlorides into, 132 
microscopic examination of, 286, 523 
protein content of, 39, 285, 286, 519 522 
Ri valla test in 523 
sites for 286 
tumor cells in 287, 523 
Trauma acute hemorrhage from, 206 
blood in cerebrospinal fluid from 296 307 
in urine from, 21 
cerebral, glycosuria in 60 303 
from stomach tube blood in stomach 
contents from, 128 

increased intracranial pressure in 295 
Trematodes in feces, 154, 456 
Tremors, effect on basal metabolism of 100 
106 

Tnalistic theory, 165 
Tnchinella spiralis 15 1, 153, 456 
Trichinosis 151, 153, 456 
Bachman skin test for 154 
eosinophiha in, 240 
symptoms of 151 153 
Tnchocephalus dispar in feces 154, 455 


Trichomonas homims In feces, 152, 451 
vaginalis In Jeukorrhea, 151, 152 28S 
323. 45i, 5^5 

Tnchuris tnchiura m feces 154, 455 
ovum Plate VIU, 455 
TrioDal, porphyrinuria from 23 
Triple allelomorph theory of Bernstein 277 
phosphates in urine 25, 353, 354 
Trypanosomiasis 198 
eusinophdia in 240 
spinal fluid cell count in, 298 
Trypsin in duodenal contents determina 
tion of, 442 

Tubercle bacilli concentration technic for, 
507, 508, 515 

guinea pig inoculation for 507, 5x6 523 
In ulceration of intestine xj6 
in cerebrospinal fluid, 258, 297, 507 518 
in exudates 287, 523 
in feces, 156, 307 sis 
in secretions 287, 5 3 3 
in sputum 283, 284, 507, 508, 515 
examination for, S°7» 5° 8 S»5> 5* 6 
in stomach contents, 130 
in unne, 24, 50, 507, 508 
lipoids of, monocytosis from 243 
Ziehl Neelson stain for 508 
Tubercles solitary, icterus index in, 141 
increased intracranial pressure w 294 
Tuberculosis amyloidosis of kidney in, 51 
blood cholesterol in 42 
caseous leukocytosis m 239 
chrome, leukocytosis in 238 
differential leukocyte count in 243, 244 
245 

leukopenia in, 244» 2 45 

lymphocyte monocyte ratio in 243, 244 

miliary cerebrospinal fluid in 290-302, 

3io 

leukemoid blood in 265 
leukocytosis in 238 
lymphocytosis in 244 

sedimentation rate in 256 
monocytosis in 243, 244 
negative nitrogen balance in 81 
of intestine 156 
blood in feces in 148 
of kidney 50 

albuminuria in 17 
pyuria in 24 
hematuria in 20 
of spleen 218 

of urinary tract polyuria from 29 
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Tuberculosis pallor in 187 
pulmonary, exacerbations of in preg 
nancy 314 

examination of stomach contents for 
tubercle bacilli in J30 507 
sputum in 280-284, 5 * 3 - 5 i 6 
urobilmogenuna in 139 
sedimentation rate in 256 
unc acid in 42 

Tuberculous efTusions characteristics of 
284-287 

meningitis 290-302 3x0 See meningitis 
tuberculous 

pachymeningitis externa 29s 296 299 
pneumonia leukocytosis m 239 
Tularemia, leukocytosis in 238 
Tumor benign sedimentation rate in 2 3 7 
brain 290-301, 311 See brain tumor 
cells in effusions 287 523 
cystic echinococcus cause of 153 288 
4S4 5*3 

intra abdominal effect on volume of 
gastnc contents 12 5 
malignant anemia from ao 3 206 21 1 
217, 220 

eosinophiha in 241 242 

leukocytosis in 337 

myelophthisic anemia from 205 217 

normocytic anemia from 20 3 217 220 
of bone serum calcium in 109 
phosphatase in 1 10 
phosphorus m 1 10 
of kidney hematuna in 20 
plasma proteins in 40 
sedimentation rate in 237 
splenic puncture contraindicated in 
202 

with metastases Bence Jones pro 
tenuna in 18 

bone marrow in 201 217 220 
necrotic sedimentation rate in 257 
of bone serum phosphatase in 110 
marrow leukcmoid blood in 265 
nucleated red cells in 193 
white cells in 237 241 248 
of central nervous system spinal fluid in 
290-301, 311 Sec brain tumor and 
spinal cord tumor 
of kidney 50 
hematuria in 21 

of posterior fossa contraindication to 
spinal puncture 292 311 


Tumor, of prostate hematuna in ai See 
prostate 

spinal cord 290-301, 311 See spinal 
cord tumors 

Tungstate method of filtrate preparation 

385 

Turk cells x6x, 164, Plate V, 250 See 
proplasmacytes 

Turpentine leukocytosis from 237 
poisoning albummuna in 17 
anuna in 28 
hematuria in 20 
ohguna in 28 

Typhoid abscess, leukocytosis in 239 
bacilli culture of in ulceration of mtes 
tine 156 258 509 
fever 156 

agglutination test for 259 
blood culture in 258 
feces in 148 
icterus index m 142 
m infants leukocytosis in 230 
leukopenia in 156 245 
lymphocytosis in 244 
platelet count in 273 
meningitis leukocytosis in 239 
pleurisy leukocytosis in 239 
Typhus agglutination test for 239 
leukocytosis in 238 
monocytosis in 243 
Tyrosin and thyroid hormone 296 
in urine 25, 144, 353, 355 
metabolism and alkaptonuria 37 
and tyrosinosis 37 
Millon s test for in urine, 25 35s 
Tyrosinosis 37 

reduction of Benedict's solution in 37 

Ulcer 155 See peptic ulcer 
Ulceration amebic 15T, 156 See amebic 
dysentery 

in anus feces in 147 
of intestine summary of 155, 156 
Ulcerative colitis t47-isJ 155 156 See 
colitis ulcerative 

Uncinariasis 153 See Necatoramencanus 
Undemutntion basal metabolism in, 107 
Undulant fe\ er agglutination test for, 259 
blood culture in 258 
leukocytosis in 238 
leukopenia in 243 
Urate crystals in unne 25, 353, 355 
Urates amorphous in unne 25 349 353 
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Urei clearance test, 33, 34, 36, 382-385 
advantages of 36 
comment on 36 
disadvantages of, 36 
effect of vasodilating drugs on 36 
estimation of, 382-385 
in eclampsia, 321 

in kidney function impairment 33-35 
44 

in pregnancy 315 
indications for 36, 53 
normals for, 36 
pathologic results 36, 44 
physiologic variations 36 
concentration test, 43 
formation of ammonia from 77 
of in liver, 134 
index of Addis 43 
of McLean 43 

nitrogen in blood, 32-35, 381 See blood 
urea nitrogen 

m cerebrospinal fluid, 29 1 , 302, 304 5a 1 
See cerebrospinal fluid urea nitrogen 
in plasma, 109 

in urine, estimation of, 365-367 
of stomach contents 131 
ratio of non protein nitrogen to, 43 
Urease solutions, stable 366 
Uremia 52,309 

acidosis m 38, 78, 83, 85, 86, 305, 309 
blood creatinine in 33-35 37 
examination m 53, 305, 309 
urea clearance in 33-35, 36 
nitrogen in 32-35, 43 52, 309 
cerebrospinal fluid in, 290-302 304 309 
coma from 302-305,309 
dextrose in spinal fluid in 301 
eclamptic 52 

edema of brain in cerebrospinal fluid in 
*95 

m nephritis 45-53 
leukocytosis in 237 238 
phenolsulphonphthalein test in 31 32 
33-35 
pseudo 52 
true, 52 

in pregnancy 322 

Uremic breath as indication for laboratory 
tests 53 

Unc acid crystals in unne 25 353, 355 
destruction 134 

in blood 41, 388 See blood unc acid 
in cerebrospinal fluid 291 


Unc acid crystals in plasma 291 
Unnalysis, 338-380 See also unne 
In coma, 303 

indications for further tests from, 303 
in diagnosis of anemia 187 
in eclampsia 321 
in hemoglobinuria 22 
in pregnancy 318 
indications for 14, 53 
m diseases of unnary system, 53 
interpretation of, 14-32, 55-61, 73, 80- 
82, 137-139 
planmng of, 338 
rapid system for 338 
routine, 338 
Urinary calculi 26 

chemical identification of, 354 355 
polyuna in, 29 
output, alteration of, 26 
tract, disorders of, 11-54 

indications for laboratory tests in 
M,53 

infections 13 14 24, 49, 50 See 
cystitis pyelitis pyelonephritis 
kidney, tuberculosis of urethritis 
tests indicated 24 53 
obstruction of, 14, 3° 49~5° 
blood creatinine w 34 37 
urea clearance in 34 3 6 
nitrogen in, 32, 34 
phenolsulphonphthalein test in 3* 
34 

pyelonephritis in, 50 
rupture of abscess in, pyuria in 24 
trauma to hematuria in 21 
ulceration of hematuna in, 21 
Unne, aceto acetic aad in 70-73, 344 
See ketosis 

Gerhardt s test for 345 
Lange s test for 345 
acetone in, 70-73, 344 s « hetosis 
in pregnancy, 3x4 3 1 ® 3 20 
acidity of 80, 34 T , 379 
influence of gastnc hydrochloric acid 
secretion on 119 

albumin in i4-*7» 34 z -344, 359, 5*9 
See albuminuria 

alkaline tide of during digestion, 80 119 
amino acid content of in liver disease 

134 

ammonia nitrogen in 80, 81, 144, 363-365 
estimation of 363-365 
in acidosis 8: 144 
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Unne, ammonia nitrogen in in cystitis 25 
81, 144 

in eclampsia 50 81, 321 
in liver disease 8r, 144 
interpretation of 80 81 
normals for, 8t 

ammomacal decomposition of 25, 81 
appearance of 340 
arsenic in test for 359 
bacteria in 24 49 5°i 258, 35*. 5°7-5°9 
Bence Jones protein in 17 
tests for 34 2 -344 
benzidin test for blood in 358 
bile absent from in hematogenous jaun 

dice 137 *4t 259 

pigment in, 137, 356 See also bile 
pigment and bilirubin 
adsorption test for 356 
appearance of 340 
foam test for 356 
Huppert Cole test for 356 
interpretation of 137 
Sparkman test for 379 
salts in 137, 3S7 See bile salts 
Pettenkofer s test for 357 
surface tension test for 357 
bilirubin in 137, 336 See bilirubin 
bihverdin in 137. 35b 
blood in 19-21, 340, 351, 356 358 See 
hematuna 
casts in, 18, 349 
causes of 18 
formation of 14 
in albuminuria 19 
in eclampsia 50 318 321 
in passive congestion of kidney is 
in pregnancy 318 
tausts of variation in ra 
chlorides >n, in lobar pneumonia 133 
quantitative estimation of 371 
test for, 359 

chyle in 25 198 28S 340 
collection of specimens of 338 
color of 340 

contamination of from genitalia 14 
creatine in 3x5, 371 
creatinine in estimation of 315 371 
cultures of 24 238 S°9 
cystm In 25 353. 355 
decreased chloride excretion in 133 359 
dextrose In S7-6 i, 345-349 372-378 
Sec dextrose and glycosuria 
diaro test in 358 


Urine dilution and concentration of 31, 
361 

excretion of acid in 76 80 
fermentation test m 346 
formation of, 11-13 
and blood supply to kidneys 13 383 
galactose in 61, 143, 345, 372-378 
glycuronates in 57, 58, 345~348 
guaiac test for blood in 338 
hemoglobin derivatives in, 32, 35, 51 

217, 340. 358 

hemoglobin in jj, 35 51, 217, 340, 358 
homogentisic acid in 57, 340, 345, 348 
349 

hydrogen ion concentration of 80, 341 
identification of reducing substances in 
58-61, 346-349 
in atherosclerosis 48 
in cyst fluid identification of 28S 523 
m cystitis 24 4 q, So 
in increased red cell destruction 139 
196 205 214-21 7 
in nephritis 14-53 
in pyelitis 24 49, 80 
increase of urobilinogen in 137-139 196 
214-217 

increased amino acids in 134 138 
night volume of 30 
mdican in test for 338 
indications for examination of 14, 53 
interpretation of examination of 14-53, 
55-6 i, 73, 80-82, 137-239 
labelling specimens of 339 
lactose in 6x, 3x4, 318, 345-348 
leucm in 25, 144, 353 

in sev ere liv er damage 138 
levuJose in 60, 345-348 
maltose in, 6x 343-348 
melanin in test for 340 356 
mercury in test for 359 
Millon s test 25, 144 335 
Mosenthal test of 30, 360 See Mosen 
thal test 

normal composition of 12 380 
normal specific gravity of 27 
normal total solids of 27 
normal v olume of 37 
for children 27 
odor of 341 

ortbotohdm test for Wood in 358 
osazone test In 346 

ova of Schistosoma hematobium in 1 
*54 352 457 
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Urine pentose In, 61, 345-348 
pH of, 8o, 341 

for mandehc acid therapy, 80 
for sulfanilamide therapy, 80 
phenolsulphonphthalein test In, 31, 32, 
33-35i 3^2 See phenolsulphonphthal 
ein test 

physiologic variationsi a volume of, 27 
porphyrin in, 23, 3s 6 
protein in, 14-18, 342-344, 359, 5*9 
Bence Jones 17, 18, 342-344 
biuret test for, 344 
heat and acetic test for, 344 
heat coagulation test for 344 
mucinous causes of, 18 
nitric acid ring test for, 344 
quantitative estimation of, 14, 360, 519 
Robert’s ring test for, 344 
sulphosahcyhc acid test for 342 
tests for, 342-344. 360, 519 
pus in 23. 349 See pyuria 
ratio of night to day volume 29, 360 
reaction of 80,341 

red cells in, 17, 19-22, 340, 351 See 
hematuria 

reducing substances in, 57-6*. 345*349 
Benedict s qualitative test for 345 
Fehlmg s test for, 346 
normals for 57 
tests for 345-349. 372-378 
retention of 28, 4g 5° 
routine qualitative examination of 338- 
360 

sediments 18-26, 340, 349-356 
ammonium urate in, 25 353 35s 
bactena in, 24 49 50 351, 507, 509 
blood in 19-23, 340, 351, 357, 358 
See hematuria 

calcium oxalate in, 26 333 354 
casts in 18, 349 
chemical 25 26 , 353 354 
contaminations in, 332 
count of 23 353 
crystals in 25 26 353 334 

chemical identification of 354 335 
cylindroids in, 331 
cystmin 23 353 3S5 
doubly refracting lipoid droplets in 24 
353 

epithelial cells in 24 351 
examination of, 18-26, 349-356 
fat droplets in 24 333 
gross inspection of 340 349 


Urine, sediments in pregnancy, 30 318 
microscopic examination of, 349-334 
ova of Schistosoma hematobiu min 21 
*54, 352, 4S7 

pus in, 17 23, 349 See pyuria 
red cells In, 19-22, 340, 351 See 
bematuna 
spermatozoa in, 331 
three glass test of, 19, 350 
triple phosphates in, 25 333 354 
urates in 23 340, 353 
uric acid in 25 340,353,355 
smears of, 24 238, 507, 508 
sodium chloride concentration fixation of 
30 36*,37* 

specific gravity, 26-31, 339, 341 See 
also ohguna and polyuria 
device for 339 
fixation of 30,31 
in diabetes insipidus 29 57 
in diabetes melhtus 29 57 
in nephritis 28-31,45-50 
m passive congestion of kidney 13 28 
sugars qualitative test for 57-6*, 345- 
349 

quantitative estimation of 61, 37 2 ~378 
sulfanilamide in quantitative determina 
tionof 379 

sulfapyndme in quantitative determina 
tionof 379 

table of normal findings in 12, 380 
theelin in 97, * *7 
total acidity of 80, 378 
total nitrogen, 80, 8i, 367-370 

calculation of protein metabolism 
from 69 81 
fixation of 30 
in eclampsia 81 321 
in severe liver damage 81 158 
indications for 80, 81 
interpretation of 81 
normals for 12, 81, 380 

total output and fluid intake 14 26-31 

total solids of calculation of 27 341 

24 hour volume dextroke estimation in 
61 372-378 
for glycosuria 37-61 
indications for analysis of 14 26 33 

tyrosm in 25, 144, 353, 355 
In. liver damage, 144 158 
test for 335 

urea nitrogen in estimation of 364-367 
in acidosis 81 144 
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Urine urea nitrogen in in cystitis, 81, 144 
m liver disease 81 144 
urobilinogen in 137-139, 357, 379 See 
urobilinogen 
volume 36-31* 338, 339 
in ascites 28 

in diabetes insipidus 29 57 
in diabetes mellitus 29 57 
in nephritis 28-31 45-50 
in pernicious vomiting of pregnancy 
28 320 

jn pregnancy 314 
Urobilin formation of, 136 
Urobilinogen 136, 137-139, 149, 196, 357, 
379. 445 

absorption of, 136 145 
and destruction of hemoglobin 136, 139 
149 *7° *96 

excretion m aplastic anemia 149 296 204 
220 

in Banti s disease 138 157 2*8 
in cirrhosis of liver 138, 149 *57* 218 
in diagnosis of anemia 139 187 196 
203-223 

in erythroleukoblastosis 139 149 196, 

321 

in hemolytic icterus 139, *49, *59 * 9 ®, 
321 

in hypochromic microcytic anemias 
139 196 203 210 
in jaundice 137 139 149 158 
in myelophthisic anemias 139 196 
205 217 

in nephritis with passive congestion 
IS 138 

in pernicious anemia 139, 149, 159, 
196, 207 

in poisoning 139 149 158, 196 214- 

217 

in red cell destruction 139 149 159 
196,305, 2 14-217 
formation of 136 
in feces 149,445 
and erjthroeyte destruction 196 

qualitative test for 44s 
quantitative test for 137, 138 445 
Schmidt s test for 149 445 
in urine 136, *37"*39, *58-160 *96,357, 
379 

and erythrocyte destruction 196 
Interpretation of *37-139 196 
normals for 138 
quihL»ti\ c lest for 357 
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Urobilinogen in urine, quantitative test 
for 137, 138, 379 

Uroporphyrin excretion of 23 356 
Urotropm poisoning hematuria in 20 
Urticaria eosinophilia in 240 
Uterus carcinoma of anemia in 206 21 1 
217, 220 

blood creatinine in 35,37,50 
urea clearance in 33*35 36, 5® 
nitrogen in 32 35 50 
phenolsulphonphthalem test m 31,35 50 
pyelonephritis from, 50 

Vaccines eosinophilia from, 240 
Vacuoles in cytoplasm of neutrophils 
prognosis from, 352, 253, 483, 484 
Vagina, Trichomonas vaginalis in, 151 152 
288 3*3, 45* 5*5 

Vaginal discharges examination of 2 88, 
5*4, 5*5 

V an den Bergh test for bilirubin in blood 
142, 4*2 

in diagnosis of anemia, 187 
In hemolytic icterus 142, 159 215 
in red cell destruction 142 159 
interpretation of *42 
normals for 142 

Van Slykes gasometnc method for alkali 
reserve 398-403 
for hemoglobin estimation 469 
\aquezs disease 225 See polycythemia 
rubra vera 

\anccs esophageal rupture of 128 148 
*57. **7,2*8 

\ ascular disturbances capillary microscopy 
in 2S9 

permeability 269 

\entncular hemorrhage cerebrospinal fluid 
in 296 30S 

\ertebrae dislocation of subarachnoid 
block from, 295 296 299 
fracture of subarachnoid block from 
295 296 299 

osteomyebtis of, cerebrospinal fluid in 
292 297 29S 310 
meningitis from 292,310 
\icufavc cause of hemoglobinuria 22 
\ inccnt 3 angina leukopenia In 245 
Viosterol therapy serum calcium In 109 
Vital capacity 289 524 
in disease of lung 2 89 
in heart disease 2S9 
normals for 389 
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Vitamin A deficiency platelet count in, 272 

B, relation to antipcrnicious anemia pnn 
ciple, 170 

Bj and anemia, 204 
B» and anemia 204 

C, 269 272 

and anemia, 204 

and vascular permeability, 269 272 
determination of, 418 
in red cell formation 204 

D, deficiency, 107-110 
In scurvy, 27 s 

serum calcium after, 109 
k, 269, 272 
and anemia, 204 
and jaundice, X34, 272, 275 
P, 269, 272 

and vascular permeability 69, 272 
m scurvy 275 

Volume coefficient, normals for 172, :8o 
282, 183 

relation to corpuscular volume, 182 
to volume index, 183 487*495 
variations with age and sex, 172 180 
182 

index, 172* 180, 182, 183, 188 487-495 
See index volume 

of red cells 172,176 181,487 See red 
cell volume 
Volumetric flasks, 330 
Volvulus 148, 155 See intestinal obstruc 
tion 

Vomiting acidosis from 77, 84 
alkalosis from 70, 86 
anhydremia from 50 
blood chloride in, 132 
creatinine in, 34 37 
in stomach contents from 129 
urea clearance in 34 36 
nitrogen in 34 33 
volume in 225 
cyclic of children 64 85 
decreased ultra cranial pressure in 295 
plasma protein in 40 50 
m Addison s disease 115 
in exophthalmic goiter xi2 
m intestinal obstruction 155 
ketosis in 73 

negative nitrogen balance in 8t 
oliguria following 28 
pernicious of pregnancy 319, 320 See 
pregnancy pernicious vomiting of 
phenolsidphonphthalein test in 31 34 


Vomiting, plasma volume m 225 
polycythemia simulated by, 225 
reverse peristalsis In, 120 _____ 

severe alkali rserve estimation in •n 
84, 85, 86, 87 

Vonutus, examination of 130, 434 
interpretation of, 130 
Von Gierke’s glycogen disease 64 
dextrose tolerance in 63 
hypoglycemia in, 64 
Von Jaksch s anemia 221 

Wasscnnann test 259 300, 512 521 * 

syphilis, serologic tests for 
Waste products removal of by 
12 

Water absorption of in large bowel 145 
balance and kidney function, n 
content of cerebrospinal fluid 29c 
of plasma, 291 

metabolism, influence of liver on, 13* 
Weighted mean in differential cell 
*a*. 483 

Weil s disease, 15S 

W estergren method modified, for red ** 
sedimentation rate 253-258, „ 

See sedimentation rate 
W hip worm in feces 154, 455 
White cell count 172-174, 2i8-267» 

484 

absolute values for 231-23$ 
differential, 17a, 231-267, 476 
See differential white cell count 
neutrophilia, eoswophilia, 
lymphocytosis, monocytosis 
error In, 172 

in anemias, 187, 201-223 
in bone marrow 200, 201, 500 
in ectopic pregnancy, 323 
in infestation with intestinal paras> lej 
240 

in leukemias 261-267 
in pregnancy, 236 316 
in ulceration of intestine 156 
interpretation of, X72, 231-267 
of cerebrospinal fluid, 298, 518 
cerebrospinal fluid 
prognosis from, 252, 253, 4 8 3» 
technic of, 476-487 
variation with age 230-235 

cells abnormal, 161-168, Plates IV,V, VI 

246-253, 478-484 
amitosis in 250 
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Mute cells basophilia of cytoplasm of, 
Plate VI, 2$j, 484 

calm' tion of relative increases in 237 
cutaneous eSect of ether on 236 
degenerative index of 253, 484 
differential count of, prognosis from 
JS2. 483 

disintegrating in blood 235 
absolute values for, 235 
diurnal variations in 235 
effect 0! fever on 236 
of labor on 236 316 
of massage on, 236 
of muscular exertion on 235 
of pregnancy on 236, 316 
of puerpenum on, 236 316 
filament nonfilament count of 252 

483 

formation of 164-169, Chart I 
granules of 167, Plates II, IH, IV 
and VI, 478-482 

histogenesis of 161-168, Chart \ 
identification of 478-481 
immature forms of 161-168, Chart I, 
Plates IV, V and VI, 246-252* 
478-483 

in erythroleukeblastosis 221 
in leukemia 201, 246-250, 261, 267 
in myelophthisic anemia 201 205 
217 

m osteomyelitis 205,217 246-249 
in prognosis 252,483 
significance of 246-250 
in anemias 187, 201, 203-223, 346- 
249 

m erythrocytosis 215, 226 
in Hodgkin s disease 319 
in hypochromic microcytic anemias 
210 

in infectious diseases 228-267 
in leukemias 201, 246-350, 261-267 
in lymphosarcoma 219 
in pernicious anemia 20S 251 

, in polycythemia rubra vcra 225 246- 

jj 

in sickle cell anemia 216 246-249 
^ In trichinosis 240 

m tuberculosis 243-245 

increased formation of 228 

«.t indexes for prognosis from 25* 253, 

f 453 484 

liberation of 223 


White cells life of 228 

maturation of 161-169, Chart I 
mature forms of Chart I, Plates If, III 
167, 168, 230-235, 478-484 
mitosis in, ^50 
mode of destruction of 228 
morphology of, 167, 168, Chart I, 
Plates H-VI, 478-484 
nomenclature of 161-164 
normals for 172, 200, 229-235 
peroxidase stain 249, 495 See per 
oxidase stain 

physiologic vanations in, 335* 236 
pigment in in malana 198 
prognosis from Plate VI, 252, 253 
483, 484 

ratio of in tuberculosis 244 
relationship of, Chart I 
Schilling s classification of, 238 
staining of, 476-486, 495 497 
table for differential diagnosis of, 478- 
4 8t 

toxic granules in, Plate VI, 253, 483 
unavoidable errors in differential count 
of 203,232 
weighted mean of 483 
\\ hooping cough cell count in 243 265 
differentiated from lymphocytic leukemia 
364 

lymphocytosis in 243 
Widal test 258 512 
in ulceration of intestine 156 
Mine effect on unne volume 27 
Wood alcohol poisoning acidosis from 

84 

unc acid m 42 

Worms in feces 150-154 451-4S7 
Worry effect on basal metabolism 100 
Wounds culture from 258 509 

healing of and serum proteins 41 255 
of chest sputum in 282 
smears from 258 507 
Wnghts staining of blood smears technic 
of 476-486 
of sputum 283,515 

Xanthochromia causes of 396 
leukopenia in 24s 

Xanthomatosis blood cholesterol in 4 2 
bone marrow in sot 
Hand SchOller Christian type of diagno 
sis of 318 319 
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Xanthomatosis, lesions of cholesterol in 
4 *. *19 

splenic puncture in, 202 
l Xyloketose 61, 34S 

Yeast, fermentation of lactose In urine by 
6t, 346 
in feces, 446 

in stomach contents 436 
in urine, 3S3 


\elJow atrophy 158 32 See liver, yel 
low atrophy of 
fever, 158 
leukopenia in, 245 

Ziehl Neelsen stain for tubercle bacilli 508 
indications for 258 

Zinc method of blood filtrate preparation 
386 

Zuckerguss liver and spleen 144 




